Impediments to Teaching Science in Elementary Schools in South-Central Minnesota with Comparisons to Findings of the National Science Foundation by Borchardt, Edward R.
University of North Dakota 
UND Scholarly Commons 
Theses and Dissertations Theses, Dissertations, and Senior Projects 
12-1-1986 
Impediments to Teaching Science in Elementary Schools in 
South-Central Minnesota with Comparisons to Findings of the 
National Science Foundation 
Edward R. Borchardt 
Follow this and additional works at: https://commons.und.edu/theses 
Recommended Citation 
Borchardt, Edward R., "Impediments to Teaching Science in Elementary Schools in South-Central 
Minnesota with Comparisons to Findings of the National Science Foundation" (1986). Theses and 
Dissertations. 2756. 
https://commons.und.edu/theses/2756 
This Dissertation is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at 
UND Scholarly Commons. It has been accepted for inclusion in Theses and Dissertations by an authorized 
administrator of UND Scholarly Commons. For more information, please contact zeineb.yousif@library.und.edu. 
IMPEDIMENTS TO TEACHING SCIENCE IN ELEMENTARY SCHOOLS IN 
SOUTH-CENTRAL MINNESOTA WITH COMPARISONS TO FINDINGS OF THE
NATIONAL SCIENCE FOUNDATION
by
Edward R. Borchardt
Bachelor of Science, University of Kansas, 1964 
Master of Science, University of Kansas, 1967
A Dissertation
Submitted to the Graduate Faculty 
of the
University of North Dakota 
in partial fulfillment of the requirements 
for the degree of 
Doctor of Philosophy 
Grand Forks, North Dakota
December
1986
This dissertation submitted by Edward R. Borchardt in 
partial fulfillment of the requirements for the Degree of 
Doctor of Philosophy from the University of North Dakota has 
been read by the Faculty Advisory Committee under whom the 
work has been done, and is hereby approved.
(Chairperson)
This dissertation meets the standards for appearance 
and conforms to the style and format requirements of the 
Graduate School of the University of North Dakota, and is 
hereby approved.
Dean of the Graduate School
Permission
IMPEDIMENTS TO TEACHING SCIENCE IN 
ELEMENTARY SCHOOLS IN SOUTH-CENTRAL 
MINNESOTA WITH COMPARISONS TO FINDINGS OF 
Title THE NATIONAL SCIENCE FOUNDATION__________
Department Center for Teaching and Learning____
Degree Doctor of Philosophy_____________________
In presenting this dissertation in partial ful­
fillment of the requirements for a graduate degree from 
the University of North Dakota, I agree that the 
Library of this University shall make it freely avail­
able for inspection. I further agree that permission 
for extensive copying for scholarly purposes may be 
granted by the professor who supervised my dissertation 
work or, in his absence, by the Chairman of the Depart­
ment or the Dean of the Graduate School. It is under­
stood that any copying or publication or other use of 
this dissertation or part thereof for financial gain 
shall not be allowed without my written permission. It 
is also understood that due recognition shall be given 
to me and to the University of North Dakota in any 
scholarly use which may be made of any material in my 
dissertation.
Signature
Date
iii
ix
xi
ii
1
1
4
4
6
9
10
11
12
12
1820
2122
24
28
29
37
TABLE OF CONTENTS
LIST OF TABLES ......................................
ACKNOWLEDGMENTS ..................  . .................
A B S T R A C T ........................ . ..................
CHAPTER I. STATEMENT OF THE PROBLEM.................
Introduction and Rationale.........................
Purpose of the Study................................
Scope of the Study..................................
Procedures...................... . ..................
Definition of Terms ................................
Delimitations ......................................
Organization of the Study .........................
CHAPTER II. REVIEW OF RELATED LITERATURE ..........
History of and Rationale for Science Education. . .
Science Literacy....................................
When Science Education Should Begin ...............
What Elementary Science Education Should Be . . .  .
A Conceptual Model for Science Education...........
Modern Science Education............................
Current Status of Elementary Science Education. . .
Regional Assessments of Science Education . . . . . 
Nationwide Assessments of Science Education . . . .
IV
Science Teaching in the Elementary School: A
Survey of Practices (Blackwood Study) ........... 37
The Status of Pre-College Science, Mathematics, 
and Social Science Education: 1955-1975
(Helgeson, Blosser, and Howe Study) ............. 42
Existing Practices and Procedures in Schools. . 43
Instructional Patterns.........................  44
Facilities and Equipment.......................  45
Teacher Background.............................. 45
Inservice Education ............................ 46
Controlling and Financing Education: Effect on 
Science Education .............................. 47
Science Education Needs .......................  49
Report of the 1977 National Survey of Science,
Mathematics, and Social Studies Education
(Weiss Study) ....................................  49
CHAPTER III. RESEARCH DESIGN .......................  57
Method of Data Collection: Research
Instruments........................................  57
Data Collection and Survey Population ............. 57
Instrument 1: Teacher-Generated List
of Perceived Impediments............................ 61
The NSF/Weiss Survey: Development and Sampling . . 63
Instrument 2: Revised NSF Survey .................  67
Data Compilation and Statistical
Treatment of D a t a ...................   68
CHAPTER IV. RESULTS...................   71
Survey 1: Teacher-Generated Survey ............... 71
Top-Ranked One-Third of Impediments: Survey 1 . . 76
Middle-Ranked One-Third of Impediments:
Survey 1..........................................  78
v
Survey 2: NSF/Borchardt Survey ...................  82
Results in Grades K-3: Survey 2 .................  86
Discussion of K-3 Results: Survey 2 ............. 86
Results in Grades 4-6: Survey 2 .................  91
Discussion of 4-6 Results: Survey 2 .............. 91
Comparisons of Survey 1: Teacher-Generated
Survey and Survey 2: NSF/Borchardt Survey .......... 96
CHAPTER V. ANALYSIS, CONCLUSIONS AND
RECOMMENDATIONS .........................  106
Impediments Determined in South-Central 
Minnesota Based on the Teacher-Generated
Survey (Survey 1 ) ..................................  106
Top-Ranked One-Third of Impediments: Survey 1 . . 106
Middle-Ranked One-Third of Impediments:
Survey 1........................................... 108
Lowest-Ranked One-Third of Impediments:
Survey 1........................................... 110
Impediments Determined in South-Central 
Minnesota Based on the NSF/Borchardt
Survey: Survey 2....................................  112
Impediments in Grades K-3: Survey 2 .............  113
Top-Ranked One-Third of Impediments,
K-3: Survey 2 ..................................  113
Middle-Ranked One-Third of Impediments,
K-3: Survey 2 .............. .... ............ .. 114
Lowest-Ranked One-Third of Impediments,
K-3: Survey 2 ..................................  115
Impediments in Grades 4-6: Survey 2 .............  116
Top-Ranked One-Third of Impediments,
4-6: Survey 2 ..................................  116
Lowest-Ranked One-Third of Impediments:
Survey 1........................................... 80
vi
Lowest-Ranked One-Third of Impediments,
4-6: Survey 2 ..................................  118
Impediments in Grades K-6: Survey 2 ............. 119
Differences in Impediment Rankings Using
the NSF F o r m s ...................   121
Recommendations for Reducing Impediments to
Teaching Elementary Science .......................  123
Time Demands......................................  123
Equipment, Supplies, Budget .....................  123
Facilities and Space.............................. 124
Consultant H e l p ..................................  124
Science Background................................  125
Inservice Education .............................. 127
Problems to Consider and Recommendations........... 128
Form Effect and Question Selection. . ...........  129
Teacher Perceptions versus Others'
Perceptions.......................    133
Underlying Causes of Impediments: Work
Selection and Sex Bias...................  135
Work Selection..................................  136
Sex Bias....................................  137
Continuation of Current Research.................  139
Summary of Findings . . . . . .  .................  140
APPENDICES.........................     143
Appendix A. Survey Instruments ...................  144
Appendix B. Tables.........................   155
Middle-Ranked One-Third of Impediments,
4-6: Survey 2 ..................................  117
vii
Appendix C. Material Deleted from NSF/Weiss
Science Questionnaire.................  161
BIBLIOGRAPHY........................................... 165
viii
LIST OF TABLES
Table Page
1. Rank of Impediments on Survey 1 by 
Percentage of Teachers Marking a
Problem as Serious (X) or Most Serious (0)... 72
2. Top Third of Teacher-Perceived Impediments 
Ranked by Percentage of Teachers 
Marking a Problem as Serious (X) or Most
Serious ( 0 ) ....................................  76
3. Middle Third of Teacher-Perceived 
Impediments Ranked by Percentage of 
Teachers Marking a Problem as Serious (X)
or Most Serious ( 0 ) ............................  78
4. Lower Third of Teacher-Perceived 
Impediments Ranked by Percentage of 
Teachers Marking a Problem as Serious (X)
or Most Serious ( 0 ) ............................  80
5. Impediments for Grades K-6 on Survey 2 
(NSF/Borchardt) Arranged by Percentage
of Teachers Indicating a Problem...............  83
6. Percentage of Teachers Indicating Each 
Impediment Is a Serious Problem, Somewhat of 
a Problem, or Not a Problem Rank Ordered by
Survey 2 (NSF/Borchardt) for Grades K-3 . . . .  87
7. Percentage of Teachers Indicating Each 
Impediment Is a Serious Problem, Somewhat of 
a Problem, or Not a Problem Rank Ordered by
Survey 2 (NSF/Borchardt) for Grades 4-6 . . . .  92
8. Teachers' Experience with Selected
Curriculum Materials, by Grade Range in 
Elementary Science................................ 156
9. Percent of Elementary Science Classes 
Conducted in Various Types of Rooms,
by Grade Range................................   157
IX
10. Elementary Teachers' Perceptions of Their
Qualifications to Teach Each Subject..........  157
11. Rank of Impediments on Teacher-Generated
Survey by Total Number of Teachers Marking a 
Problem as Serious (X) or Most Serious (0). . . 158
x
ACKNOWLEDGMENTS
The successful completion of this doctoral program has 
been possible through the capable assistance the researcher 
received from many dedicated people. Few people have the 
privilege, as I did, to work with two successive, competent, 
and helpful advisors. Until his retirement, Dr. Russell A. 
Peterson led and guided me through the residency stage of 
the program and was invaluable as both friend and example.
I was capably, conscientiously, and unselfishly guided 
through the final phase of this program and the difficulties 
of the dissertation by Dr. Ivan J. K. Dahl. Without his 
efforts, help, and leadership the successful completion of 
this program would never have been accomplished.
The members of my committee, Dr. Ivan J. K. Dahl; Dr.
H. Holloway; Dr. F. D. Holland, Jr.; Dr. E. Schmiess; and 
Dr. T. Scott along with Graduate Dean A. W. Johnson, con­
scientiously served without reward, other than the satis­
faction of performing their work as dedicated professionals 
whom I recognize and appreciate as such.
Without the able assistance of my wife as typist, 
friend, and helper this work could never have been completed 
on time.
Edward R. Borchardt
xi
ABSTRACT
This study identified and ranked impediments to teach­
ing elementary school science perceived by elementary teach­
ers in south-central Minnesota, examined impediments for 
common roots, compared current impediments to findings of a 
1977 National Science Foundation study, and investigated if 
the survey device used affected the results obtained in a 
study.
Public and private elementary school teachers in south- 
central Minnesota were surveyed using one of two forms. 
Survey 1 was a list of impediments generated by 34 teachers 
and ranked by 104 teachers. Survey 2, administered to 218 
teachers, was a revised questionnaire developed by consulta­
tion of teachers and other knowledgeable professionals and 
utilized nationwide in a 1977 NSF study.
This study showed that the perceived seriousness of an 
impediment varies with grade level taught and with the sur­
vey form used. The top impediments (K-6) using the teacher­
generated form were:
1. Inadequate time to assemble, set up, or clean up 
lab exercises.
2. Prep time inadequate.
3. Equipment incomplete or inadequate.
4. Not enough time to teach all units (safety, ecolo-
xii
gy, etc.).
5. No time to develop units.
These impediments related to time pressures (1st, 2nd, 4th, 
5th) and finances (3rd).
The top impediments using the cooperatively generated 
NSF form were:
1. Lack of materials for individualizing instruction.
2. Inadequate facilities.
3. Insufficient funds for purchasing equipment and 
supplies.
4. Lack of teacher planning time.
5. Not enough time to teach science.
These impediments related to finances (1st, 3rd), facilities 
(2nd) and time pressures (4th, 5th).
Comparison of Survey 2 results to those obtained in 
1977 showed 6 of 18, K-3 and 12 of 18, 4-6 impediments were 
not significantly different (chi square £ < .05).
The research indicated a need to temper teaching de­
mands and include preparation periods for elementary teach­
ers, design schools to facilitate teaching science including 
storage areas and set-up space, include science as a basic 
subject with sufficient budgets, improve and require science 
background and inservice courses, and conduct longitudinal 
studies using the same survey device to aid comparison of 
results. Finally, two areas, teacher job requirements/per­
xiii
sonality traits and sex bias, need to be investigated as ma­
jor underlying impediments to teaching elementary science.
xiv
CHAPTER 1
STATEMENT OF THE PROBLEM 
Introduction and Rationale
For the past thirty years, due in part to our com­
petitive entry into the space age and the increasing tech­
nological complexity of today's living, there has been a 
heightened awareness of the importance of science. Science 
is being recognized as necessary both to our nation's fu­
ture, and to the quality of life of the individual. Scien­
tific literacy is becoming a necessity for each citizen to 
cope in a scientifically oriented world. Hurd (1966) noted 
that, "A knowledge of science is essential for understanding 
modern society, its achievements and its problems" (p. 210). 
Welch (1983) similarly concluded, "We live in an increas­
ingly technological age that requires a science-literate 
citizenry. To date our youth lack many of the attributes 
necessary for scientific literacy" (p. 7). The American 
Association for the Advancement of Science (AAAS) through 
their 1970 Commission on Science Education reported that the 
impact of today's technology on our world necessitates
1
2teaching science. All three sources agree on the importance 
of understanding and teaching science.
This concern about science and our nation's welfare 
lead to the development of several federally funded 
curriculum studies during the decades of the 1960's and 
1970's in an attempt to strengthen elementary science. The 
National Science Board (NSB) Commission on Precollege 
Education in Mathematics, Science and Technology in their 
Educating Americans for the 21st Century: A Plan of Action 
for Improving Mathematics, Science and Technology Education 
for All American Elementary and Secondary Students So That 
Their Achievement is the Best in the World by 1995 warned 
that a plan similar to theirs must be adopted.
If the educational process is to provide young people 
with the background needed to understand the world in 
which we live, then we must recognize that science and 
technology are integral parts of today's world, and 
that these subjects are essential elements for 
attention throughout the K-12 curriculum. (NSB, 1983, 
p. 61)
They emphasized their plan was for all students, not just 
those planning to major in science or engineering and called 
for consistent and sustained attention to math, science, and 
technology with a minimum of 30 minutes of science per day 
in grades kindergarten through six.
A nationwide survey by the National Science Foundation 
(NSF) in 1977 directed by Weiss showed an average of 17 
minutes per day was spent teaching K-3 science and 28
3minutes per day teaching 4-6 science. These were teacher 
reported figures and perhaps merely reflect curriculum 
guidelines rather than time actually spent teaching science.
Commenting on the state of elementary school science, 
Manning, Esler, and Baird (1982) stated, "The amount, if not 
the guality of science teaching in elementary school is de­
clining" (p. 40). Rowe (1980) put the dilemma in more con­
temporary terms, "If there were such a thing as an endan­
gered subjects list, science would gualify for emergency 
help" (p. 19). Kyle, Bonnstetter, and McCloskey (1985) also 
recognized the less than desirable state of science educa­
tion and warned, "We can take positive steps now in order to 
ensure academic excellence or we can sit back and watch as a 
generation of scientific and technological illiterates pro­
gresses through our schools. We know what is effective; we 
know what students prefer" (p. 41) .
Thus, the current state of elementary science is recog­
nized as precarious and probably declining. If then, as 
Hurd (1970) asserts, a commonly stated goal of public 
schools is scientific literacy, and the quest toward this 
goal rightly begins in elementary school, the identification 
of current impediments to attaining this goal is of great 
importance.
4Purpose of the Study
The purpose of this research was threefold. First, it 
sought to identify current impediments or hindrances to the 
teaching of science in elementary schools in south-central 
Minnesota. After determining what impediments existed, the 
study sought to group these impediments to see if the pro­
blems might have common roots, such as inadequate money to 
support science activities or inadequate time to teach all 
subjects. Finally, the study sought to make comparisons of 
current impediments to data collected ten years ago by the 
National Science Foundation. These comparisons allow inves­
tigation of (a) the effect of the method of data collection 
and (b) changes in problems or the persistence of problems 
over the last ten years.
Scope of the Study
The sample population used as the basis of this study 
consisted of public and private elementary school teachers, 
currently teaching in a nine-county area of south-central 
Minnesota and attending an inservice workshop in elementary 
science offered by Mankato State University under a grant 
funded by the State Department of Education, Minnesota 
Higher Education Coordinating Board. This nine-county
5region, Region Nine, is the primary service area of Mankato 
State University.
The study sought to:
1. Generate a list of teacher-perceived impediments 
using a sample of area elementary teachers in 
south-central Minnesota attending the first of 20 
inservice science workshops conducted by Mankato 
State University.
2. Establish a rank ordering of these strictly 
teacher-generated impediments by surveying teachers 
attending the next three science workshops to 
determine if some consensus of impediments could be 
identified.
3. Establish a rank ordering of impediments using a 
revised version of the 1977 National Science 
Foundation/Weiss survey to determine changes in 
impediment ranking that have occurred over time 
and/or because of regional differences.
In addition the study sought to address the following 
questions:
1. Is there a difference in (a) strictly teacher­
generated, free-response, identified impediments 
used in this first survey and (b)"expert committee" 
generated impediments used on the NSF/Weiss form?
62. Is there a difference in the ranking of impediments 
identified in the 1977 NSF/Weiss study and the 
teacher-perceived impediments occurring in 1986 in 
south-central Minnesota?
Procedures
The population surveyed consisted of all public and 
private school teachers attending a series of elementary 
school science workshops conducted by Mankato State 
University. This series of 20 inservice workshops was 
funded by the state of Minnesota and administered by Mankato 
State University during the period from September 1985 
through June 1986.
The workshops were widely publicized through mailings 
to the school districts' superintendents, science consul­
tants, and building principals; through newspaper articles; 
and by word of mouth from workshop participants. Registra­
tion for the workshops was permitted by mail and remained 
open until about two weeks before each workshop at which 
time approximately 30 teacher participants were chosen and 
notified of their selection.
Participants were selected from as many different 
schools as possible to maximize the dissemination of work­
shop information and materials over the broadest geographi­
cal area. The two co-directors of the grant made the final
7selection of workshop participants with preference going to 
teachers who had not attended a workshop and represented as 
many different schools as feasible. This was done to maxi­
mize exposure of the science materials to all relevant 
groups. The total participation was 293 teachers.
The science modules developed for the workshops were 
team taught by an elementary teacher, a science content 
expert, and a curriculum specialist with each contributing 
material and information from his or her area of expertise. 
The topics covered were chosen by the grant co-directors 
after consultation with teachers, administrators, science 
educators, and content specialists to determine weaknesses 
in area elementary science curricula. These workshops were 
offered during the school day at centrally located elemen­
tary school buildings in either Mankato or Waseca, Minne­
sota. The use of elementary school buildings provided typi­
cal classroom facilities and fostered a sense of participant 
familiarity and security in these classroom surroundings.
The schools with participating teachers were reimbursed 
for substitute teachers by Title II funds designated for 
inservice education. In addition the teachers participating 
in the workshops received a $35 stipend, licensure renewal 
units, and had the option to receive one hour of university 
graduate credit if they attended three workshops.
These procedures of widely based advertising, ample 
enrollment periods, reimbursement, renewal credits, and
8selection of participants from as many schools as feasible 
helped insure a representative distribution of teachers by 
age, school, and grade attending each workshop.
The original list of impediments to teaching elementary 
science, Survey 1, was generated by asking the 34 elementary 
school teachers present at the second workshop to "list any 
conditions you feel prevent you from teaching elementary 
science as well as you feel you could or should." From this 
initial solicitation a list of 41 impediments was identi­
fied. At the request of the co-directors the first workshop 
was not surveyed to allow them time to establish their pro­
cedures with minimal distractions. To simplify discussion 
throughout this study, this workshop was designated Workshop 
0, and only the 20 workshops surveyed were counted.
At the next three workshops, 104 participants were 
asked to identify any of these 41 listed items they believed 
inhibited the teaching of science in their building, but not 
necessarily in their own classroom. They were then in­
structed to go back and identify the five items they be­
lieved were most significant. They were also invited to add 
items to the list. This procedure resulted in a final list­
ing of 43 impediments (Survey 1), identified by 34 teachers, 
and then ranked by 104 additional teachers.
For the next phase of the study a survey, developed for 
the National Science Foundation by Research Triangle Insti­
tute under project director Weiss and administered nation­
9wide in 1976-1977, was revised to reflect more closely the 
purposes of this study. This revised questionnaire, Survey 
2, was administered to participants of the next 16 workshops 
resulting in a total sample of 218 teachers for this phase 
of the study. The survey noted the purpose of the study--to 
identify current impediments and to determine what changes 
had occurred or what problems had persisted over the past 
decade. The questionnaires were mailed to workshop partici­
pants one week prior to their scheduled workshop, and they 
were asked to return the survey at their workshop or if they 
could not attend, to mail it to Mankato State University. 
Although the option existed, it was not necessary for the 
teachers to identify themselves or their schools on the sur­
vey device. Successive workshop mailing lists were compared 
to eliminate duplicate mailings to the teachers selected to 
attend more than one workshop. Surveys were returned by 218 
of 260 participants, a response rate of 84%.
Definition of Terms
Elementary school - Kindergarten through sixth grade. 
Elementary science - Knowledge of scientific concepts; the 
process or skills used to acquire science know­
ledge, such as measuring, classifying, interpret­
ing; and attitudes toward science and its mean­
ingfulness to their lives.
10
Impediments - Something that bars, obstructs, hinders, or
interferes with the progress toward or the achieve­
ment of a goal.
Participants - Elementary school teachers currently employed 
in public or private elementary schools in Region 
Nine of south-central Minnesota that applied for 
and were selected to attend one or more elementary 
science workshops.
South-central Minnesota: Region Nine - The nine Minnesota 
counties of Sibley, LeSueur, Waseca, Faribault, 
Martin, Watonwan, Brown, Blue Earth, and Nicollet.
Workshop - An inservice module of three to five hours
length, administered by Mankato State University 
and held at various elementary school locations 
during 1985-1986 for the purpose of improving the 
quality of elementary science instruction.
Delimitations
The parameters of the study naturally existed or were
defined to be:
1. Teachers currently employed in public or private 
elementary schools and applying to attend at least 
one of a series of workshops conducted by Mankato 
State University, held in Mankato or Waseca, Minne­
sota, between October 1985 and March 1986.
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2. Participants teaching in a nine-county non-metro­
politan area of south-central Minnesota. This area 
included 52 school districts, 67 public schools, 
and 18 non-public schools. Of these, 39 districts, 
42 public schools, and 18 non-public schools parti­
cipated .
3. Teachers selected to attend a workshop by grant co­
directors based on the criteria of spreading parti­
cipants over as large a distribution pattern as 
feasible to maximize dissemination of workshop ma­
terials .
Organization of the Study
Chapter 1 has presented the rationale and purpose of 
this research along with the research questions investi­
gated. Chapter 2 is a review of the pertinent related 
research. Chapter 3 details the procedures, subjects, and 
instruments used in conducting the investigation. Chapter 4 
consists of the data collected and an analysis of the data 
in accord with the purpose of this study. Chapter 5 states 
the conclusions of the study along with recommendations for 
further research on the subject. The survey instruments 
utilized, data, and supplementary materials are included in 
the Appendices.
CHAPTER 2
REVIEW OF RELATED LITERATURE
History of and Rationale for Science Education
Interest in and the recognition of the importance of 
science is well established in the history of our nation.
The United States Constitution Article 1, Section 8, gives 
to Congress the authority to "promote the progress of sci­
ence and useful arts by securing for limited times to au­
thors and inventors, the exclusive right to their writings 
and discoveries." Several delegates to the 1787 Constitu­
tional Convention were strong proponents of science in our 
emerging country. Benjamin Franklin, writing in 1749, 
especially stands out as a practitioner and advocate. He 
felt an education in science was useful to all:
With the history of men, times and nations should 
be read, at proper hours or days, some of the best his­
tories of nature, which would not only be delightful to 
youth . . . but afterwards of great use to them, wheth­
er they are merchants, handicrafts, or divines, enab­
ling the first the better to understand many commodi­
ties, drugs, etc. the second to improve his trade or 
handicraft by new mixtures, materials, etc. and the 
last to adorn his discourses by beautiful comparisons 
and strengthen them by new proofs of Divine Providence, 
(pp. 174-176)
12
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J. T. Adams (1930), writing of John Quincy Adams, noted that 
he was also an early proponent of science.
Adams' love of science was . . .closely connected. 
. . in his mind with the problem of government . . .  If 
democracy were to succeed it would have to be by bring­
ing up the general level to such a point as to make the 
people intellectually and morally capable of doing so. 
In a democracy, therefore, the spread of enlightenment 
was an essential part of the problem of government.
(p. 225)
This recognition of the importance of science to our 
national well-being continued through the years in many 
forms. President Franklin D. Roosevelt wrote to the Office 
of Scientific Research and Development posing four questions 
regarding the continued relationship of science and the 
government. Bronk (1975) reported these four concerns of 
the President:
What can be done to organize a program for continuing 
the war of science against disease? What can the 
government do now and in the future to aid research 
activities by public and private organizations? Can an 
effective program be proposed for discovering and de­
veloping scientific talent in American youth so that 
the future of scientific research in this country may 
be assured on a level comparable to what has been done 
during the war? What can be done, consistent with mil­
itary security, to make known to the world as soon as 
possible the contributions to scientific knowledge 
which have been made during our war effort? (p. 410)
Item 3, quoted above, "discovering and developing scientific
talent in American youth", particularly points to the need
for educating the youth in science with the goal of helping
to assure the future well-being of our country.
14
In May of 1950 the National Science Foundation Act 
(NSF) was passed by Congress, reiterating the government's 
commitment to basic science and incidentally establishing 
one of the major investors, investigators, and contributors 
to modern curriculum developments in the areas of elementary 
and secondary science. This commitment and funding of the 
NSF continues to the present.
The launch of Sputnik by the Soviet Union in 1957 re­
sulted in, among other things, renewed support for science 
and science education. President Eisenhower created the 
Office of Special Assistant to the President for Science and 
Technology. In the words of Beckler (1976), "The President 
noted that one of the greatest and most glaring deficiencies 
of the citizenry was their failure to give high enough pri­
ority to scientific education and to the place of science in 
national life" (p. 118).
One reason for this continued long term support would 
seem self-evident; our nation cannot have the necessary pool 
of properly trained scientists and engineers needed to con­
tinue our effective participation in a technologically com­
plex world unless science education is provided. This edu­
cation or even the development of interest in pursuing sci­
ence cannot occur solely at the post high school level. The 
Working Group on Elementary School Science of the National 
Science Board (NSB, 1983) concluded, "Education in science 
is a basic in American elementary schools today. As science
15
is the basic skill needed by students to explore and exper­
ience the natural and technological world, science education 
must start early and continue through a student's formal and 
informal education" (p. 38).
The Commission on Precollege Education in Mathematics 
Science and Technology noted, " As the health and prosperity 
of our society is derived more and more from technology, 
especially high technology, our future becomes increasingly 
dependent on the effectiveness of education in science and 
technology" (NSB, 1983, p. 27).
Besides the obvious need for quality in their own 
education, scientists and engineers have a vested interest 
in the quality of science education for the general public. 
Schroeer (1972), based on the work of C.P. Snow, reported 
there is a polarization of society into two cultures char­
acterized by two modes of thought or two different outlooks 
on life. While these two cultures could symbiotically con­
tribute to each other, often there is a breakdown in commun­
ications that impoverishes both areas. Scientists often 
view the humanists as backward looking. At the same time 
the non-science community views with apprehension, losses 
and dangers caused by the technological revolution. They 
believe these problems were brought about by the science 
community operating without social concern. Atomic energy, 
genetic engineering, and chemical pollution represent exam-
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pies of three areas of "dangerous knowledge" affecting
todays' world. Potter (1971) speaks of this distrust:
The feeling grows that scientists are finding it 
increasingly difficult to predict the consequences of 
their work, that technology has become the sorcerer's 
apprentice of our age. The concept of dangerous know­
ledge appears in a variety of images-the mushroom 
cloud, the usurping robot, the armless child of thal­
idomide. Many scientists object violently to the idea 
of dangerous knowledge, taking the position that all 
increases in knowledge are inherently good. . . .  I 
believe that the concept of dangerous knowledge is 
valid, if for no other reason than that it calls atten­
tion to one of the dilemmas of our society. Dangerous 
knowledge has been defined as knowledge that has accu­
mulated faster than has the wisdom to manage it; in 
other words, knowledge that has produced a temporary 
imbalance by outpacing other branches of knowledge, (p. 
76)
Anderson (1983) reinforces this notion of the growing 
interdependency of scientist and non-scientist with, "As the 
eighties begin, students face a different world. It is one 
dominated by a multiplicity of science and technology re­
lated societal issues. These issues were not unknown in the 
fifties, of course, but their current importance is of a 
different order of magnitude" (p. 172).
The tenuous nature of this interrelationship of sci­
entist and non-scientist is also pointed out by O'Hearn 
(1976) :
The popular image of science . . . continues to 
deteriorate. This is not surprising since many of the 
major environmental problems have been tied to scien­
tific developments. Science appears to be the culprit. 
Very little positive information is available within 
the school curriculum to present a balanced view. Sci­
ence education appears to be letting both the image and 
the market slip from its grasp. The hope of new scien­
tific developments, the limitations and our ability to
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deal with the misuse of scientific knowledge, all are 
important aspects of science literacy. (p. 110)
Bybee, Harms, Ward, and Yager (1980) point out there is 
an implicit contract between science and society, and this 
contract is constantly being renegotiated. Thus, while most 
of our populace are non-scientists, they affect the world of 
science with their opinions of the worth of science to soci­
ety. In addition, as contributors and controllers of tele­
vision, newspapers, movies, and books, the non-scientists 
exert a pervasive influence on the funding of scientific en­
deavors in our democratic society.
While antagonists on many points, scientists and non­
scientists alike have commonality as members of the human 
race. O'Hearn (1976) points out that major problems in the 
world for the science as well as the non-science community 
including energy, environmental changes, and resource deple­
tion are related to developments in science and technology. 
He says further, "The concerns of science and technology on 
mankind are, indeed, concerns of survival. Yet most of our 
students are graduating from high school unaware of these 
developments and not prepared to deal with these problems. 
They are, in fact, largely unaware of the ways in which sci­
ence and technology are being used to reshape the earth and 
human life" (p. 108).
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Science Literacy
This interdependency between science and society in a 
democracy has made manifest the need for a scientifically 
literate society. Agin (1974) states in a view rather simi­
lar to Benjamin Franklin's statement of 200 years earlier:
Everyone in our society has a need for science 
education. The extent of these needs depends upon the 
goals and interests of each individual. Some individ­
uals want to make natural phenomena more understand­
able while others have a desire to make what is known 
about natural phenomena more useful to man. At the 
same time, all individuals of our society have a need 
for a better understanding of basic scientific concepts 
and activities, not to make them better scientists, but 
to help them become more knowledgeable citizens. (p. 
403)
Thus, different people have different needs for science 
education; some to understand, some to use, but all to 
become better citizens. This goal, for each citizen to be 
knowledgeable in science, is known as science literacy.
The Working Group on K-12 Curriculum in the NSB (1983) 
report drew the following conclusions:
Any consideration of K-12 curriculum must be 
driven by an understanding of the demands put on educa­
tion in a democracy that is part of a complex techno­
logical world. There is demand for scientific skills, 
attitudes, and knowledge. A technologically-oriented, 
democratic society cannot exist with large sections of 
its population ignorant of science and technology. 
Attitudes, skills, reasoning abilities and knowledge 
from science are prerequisite to a sense of control 
over human destiny on the part of the populace. . . .
The group agrees that science literacy is essen­
tial for all students. Science manpower requirements 
must be built upon a foundation of science literacy.
(p. 45)
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The Educational Policies Commission (EPC, 1966) of the 
National Education Association concurred with this commonal­
ity of benefit with, "To communicate the spirit of science 
and to develop people's capacity to use its values should 
therefore be among the principal goals of education in our 
own and every other country" (p. 27). These same needs were 
recognized by the UNESCO Congress of Science and Technology 
(1983) as applying on a global basis.
Additional support for this science literacy comes from 
many sources. Bybee et al. (1980) point out that, "The dem­
ocratic process requires public participation, and it is 
assumed that the public is informed and literate" (p. 393). 
Howard (1979), writing for the Council for Basic Education, 
concluded that no person can be, "basically nor liberally 
educated today without science" (p. 2). The American Asso­
ciation for the Advancement of Science Guidelines, Standards 
and Recommendations for Research and Development (AAAS,
1970) state this view clearly and forcefully as:
Our past experiences and professional commitment allow 
no other view than that science is important; it is 
important to teachers, it is important to society, it 
is important to children. The impact of technology is 
often cited as justification to teach science, and it 
is. Knowledge of science and technology and their po­
tential effect on society are important in science 
teaching. But the mode of thought, the way of looking 
at the world, the way of solving problems, the way of 
obtaining knowledge that characterize science are far 
more important contributions of science to society.
(p. 2)
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Many other researchers, including Daugs (1970), Agin 
(1974), and O'Hearn (1976), have helped to better define 
this scientific literacy which has been concisely summarized 
by O'Hearn as, "(1) basic scientific knowledge, (2) nature 
of science, (3) the processes of science, and (4) social and 
cultural implications" (p. 103).
When Science Education Should Begin
With much agreement that science education is necessary 
for the education of scientists, engineers, and the general 
populace the next question needing resolution is when should 
this education begin.
Dewey (1916) felt elementary school was the proper 
place to begin such an education and in fact, proper teach­
ing at that level was imperative.
It seems to me that the first need is to discriminate 
certain stages in the educational development of sci­
ence. The first stage belongs of necessity to the ele­
mentary school, for I do not think that any amount of 
pains and ability in the high school can make up for a 
wrong start or even a failure to get the right start in 
the grades. (p. 4)
Howe (1975) gives additional support to the very early 
start for this education.
One of the brightest spots in the recent curriculum 
reform movement was the commitment of resources to the 
development of elementary school science curricula, an 
allocation of time and money which indicated a recogni­
tion of the need to begin the building of a scientific 
habit of mind in childhood. (p. 95)
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Donnellan (1981) stated the position of the National 
Science Teachers Association (NSTA) to be that science edu­
cation needs to be an integral part of the preschool and 
elementary curriculum because, "In order for children to 
become creative, innovative and independent thinkers, they 
must have ample opportunity to develop these traits through 
a carefully planned and articulated science curriculum" (p. 
42) .
Correspondingly, the NSB (1983) position is that sci­
ence education must "start early" (p. 38) and continue 
through both the formal and informal education.
What Elementary Science Education Should Be
Since the literature, as noted previously, abounds with 
references to the need for science education and for this 
education to begin in elementary schools, it would seem per­
tinent to investigate what and how science should be taught 
at this level.
Yager and Penick (1984) studied exemplary science pro­
grams to see what they might have in common. Their conclu­
sions indicate the following:
Excellent Science Programs:
*are designed to be excellent
♦involve several years of focused, intensive inservice 
*use a locally developed curriculum 
*do not place textbooks in a central position 
♦emphasize team teaching
♦have a science supervisor who plays a key role and who
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is active in professional organizations 
*have strong central and building administration 
support
*provide visible impact on other school programs 
*follow a well-organized plan for development and 
implementation
*have close ties with higher education 
*are still evolving
*have a strong community involvement and support 
*have very energetic teachers
*spend more time teaching science than most programs 
(p. 149)
To further define and determine a good science program 
requires the development of a conceptual model.
A Conceptual Model for Science Education
To teach science expediously, some goals should be set 
forth to be attained, and a conceptual model must exist. In 
the past these goals were generally held to be the attain­
ment of a body of knowledge about science. Bybee (1977) has 
chronicled changes in the model of appropriate science 
teaching produced as a response to societal changes. In the 
late 1880's industrial expansion and urbanization yielded a 
two-pronged model of nature study designed to decrease 
migration to cities by interesting children in farming and 
knowledge acquisition. A somewhat different model of sci­
ence education was developed by Francis Parker based on 
understanding the universe and applying the methods of sci­
ence to solve problems. Scientific generalizations with 
knowledge primary and methods secondary was another promi­
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nent theme in science education. All had the acquisition of 
scientific knowledge as central while each added a different 
dimension to science education.
As knowledge of teaching/learning styles improved, it 
became evident that all children do not learn science in the 
same way, and provision must be made for individual differ­
ences among children (Walters & Sieben, 1974). Teachers 
responded to this new information by varying the kind and 
difficulty of materials to be given to students.
A major transition in the centrality of scientific 
knowledge began to take root early in the 20th century. One 
of the producers of this change to a methodological approach 
was the educator/psychologist John Dewey. "One of Dewey's 
significant contributions to science education was his con­
tention that the methods of science were as important as the 
knowledge of science" (Bybee, 1977, p. 89). This view 
gained credibility with educators, business people, and 
scientists alike as they recognized the exponential growth 
of knowledge that was occurring.
The formation of current curricular models of science 
education was also greatly affected by the scientist/ 
psychologist, Jean Piaget. One of Piaget's major contri­
butions was to point out that as children mature, they pass 
through successive stages of mental development and that 
these stages are both sequential and necessary. These 
stages— sensory-motor, preoperational, concrete operational
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and formal operational--affect the way the student learns, 
and what they can learn. (McAnarney, 1978; Penrose, 1979; 
Sund & Bybee, 1973)
This shift in goals has continued over the past 15 
years in light of new research by psychologists and educa­
tors. The objectives, in many instances, have now evolved 
"from a major emphasis on information acquisition to an 
emphasis on the acquistion of processes, skills, attitudes, 
creativity, involvement, and some other less clearly des­
cribed objectives . . ." (Walters & Sieben, 1974, p. 65). 
Part of this change has been brought about by the recogni­
tion of the "explosive growth of scientific knowledge," part 
by the "disenchantment with contemporary science curricula" 
(Mechling, 1969, p. 3), and part is due to more modern 
psychological models. Thus, the base of science education 
has become broadened from a strictly factual model to a 
model which now reflects knowledge, the psychology of 
learning, and societal needs.
Modern Science Education
The next major curricular change after recognition of 
the broadening conceptual base of what science is, came as a 
result of organized groups, including AAAS, NSF, and NSTA, 
who were concerned with the progress and development of sci­
ence education. Mechling (1969) stated:
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In recent years, American education has witnessed 
unprecedented activity in the development of innovative 
instructional materials for elementary school science. 
Curriculum designers, aware of the explosive growth of 
scientific knowledge and disenchanted with contemporary 
science curricula, have grappled with a task spelled 
out a decade earlier by Conant when he said, "What is 
needed are methods for imparting knowledge of the tac­
tics and strategy of science to those who are not sci­
entists." More than fifteen elementary science curric­
ulum reform projects have responded to this challenge 
and produced innovative materials and teaching tech­
niques which are based upon modern psychological models 
and designed to involve children directly in the pro­
cesses of science. (p. 3)
Today this has lead to the development of programs, the 
majority of which are based upon scientific processes, the 
nature of science, problem solving techniques, and science 
content. (Wavering, 1980)
Differences in philosophy as to what is a proper model 
for science education still exist and will as long as sci­
ence and society interact. Good, Herron, Lawson, and Renner 
(1985) believed understanding comes about by first describ­
ing science and then defining science.
Several of those descriptions follow:
(1) The object of all science is to coordinate 
our experiences and bring them into a logical system. 
(Albert Einstein in Booth, 1962)
(2) The task of science is both to extend the 
range of our experience and reduce it to order. (Niels 
Bohr in Booth, 1962)
(3) Science is built up with facts as a house is 
with stones, but a collection of facts is no more a 
science than a heap of stones is a house. (Henri 
Poincaire in Kelly, 1941)
We believe that the foregoing descriptions of 
science were synthesized into a single, excellent 
definition by science historian Duane Roller (1970)
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when he said, "Science is the quest for knowledge not 
the knowledge itself."
We accept Roller's definition of science; science 
education, then, involves the process of educating 
students in how to quest--or search--for knowledge, 
(pp. 139-40)
Science education then, by this model, denotes science 
as the quest for knowledge but not the knowledge itself.
This definition is accepted by some writers but considered 
by many to be only part of a truer definition. The purpose 
of science education according to Good et al. (1985), then 
becomes to train or educate students in how to search or 
"quest" for knowledge.
Reflecting on the last major period of curricular
change, Gerlovich and Downs (1980) wrote:
Between the late 1950's and mid 1960's, science educa­
tion reached a "golden age". Science was considered 
among the most important curriculum items, and funding 
for staff and materials reflected this emphasis. The 
years 1955-1975 were unprecedented in the degree of 
activity in science education. Millions of dollars 
were expended in joint efforts involving scientists, 
educators, and learning theorists to develop curricular 
materials for science education. (p. 651)
In 1983 the National Science Board wrote a consensus 
paper which ably summarizes the problems with past ap­
proaches, the need for science education and the goals of 
the currently accepted model of science education.
It was agreed that the schools were not now pro­
viding enough science in the early years to make a suf­
ficient number of students aware of interesting science 
and engineering careers. Equally important, the sci­
ence that is taught is too rarely demonstrated to be 
relevant to the concerns of the students at their par­
ticular stage of development. Only a relative few are
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turned on by the natural curiosity that traditionally 
motivates scientific careers. Even fewer students have 
the opportunity to see the power of scientific investi­
gation which also stimulates interest. Furthermore, it 
is the applications of science in every walk of life 
which are likely to motivate young people to consider 
careers in engineering. Such an early and motivating 
curriculum is also essential in providing the popula­
tion at large with the general information concerning 
contemporary science and technology necessary to their 
own welfare and their role in the larger community.
For them as well as for future scientists and engineers 
it is important that problem-solving and decision­
making skills be developed so that they can (i) cope 
with the complexity of the technological aspects which 
affect their lives and (ii) participate in a democracy 
where the masses influence decisions concerning the use 
of technology.
. . . Given the above considerations the confer­
ence came to the conclusion that science and technology 
should be taught in every year at an appropriate level 
and should be required for at least eleven years of 
school. . . . The required curriculum up to and includ­
ing the 10th grade should use what is now available and 
develop further material that will (i) demonstrate the 
relevance of science and technology to many important 
aspects of the students' lives and their community and 
(ii) develop the higher cognitive strategies of problem 
solving and decision making. It was agreed that these 
latter process skills are as basic to our needs as 
those of computation and communication. A science cur­
riculum oriented toward practical issues, however, is 
also an excellent way of fostering those traditional 
basic skills. The introduction of practical problems 
which require the collection and manipulation of data, 
the communication of results and ideas and the formula­
tion and testing of solutions or improvements (i) im­
prove the use and understanding of calculation and 
mathematical analysis, (ii) sharpens the student's 
ability to communicate verbally and in written form 
with precision, (iii) develops the higher process 
skills, (iv) imparts scientific concepts and facts as 
related to their application, (v) develops a respect 
for science and technology and more generally for 
quantitative observation and thinking, and (vi) stim­
ulates an interest in many to enter scientific and 
engineering careers.
The conferees were impressed by recent research 
and cognitive process and science teaching which has 
shown that curricular materials and teaching strategies 
that are application and activity-oriented and involve
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realistic problem solving produce improved results in 
learning content and process and in developing positive 
attitudes, (pp. 29-30)
The conferees also urged close collaboration of researchers 
with curriculum developers.
These goals of current elementary science education 
stated by the NSB are, with a fair degree of concensus, held 
by the AAAS (1970) and the NSTA (in Brown & Butts, Eds., 
1983), two other major groups concerned with science educa­
tion .
With so much apparent agreement it would seem great 
strides would be made in the implementation of these 
changes, but as noted in the following sections, this does 
not seem to be the case.
The Current Status of Elementary Science Education
Many studies on the extent and quality of science edu­
cation today indicate there is a problem of serious propor­
tions often referred to as a "crisis" (NSTA Yearbook, in 
Brown & Butts, Eds., 1983; Rakow, Welch, & Hueftle, 1984). 
Yager (1984b) wrote the following concerning this crisis:
We find that most agree that we again have a crisis in 
science education. To some it seems more severe than 
was the crisis perceived in 1957. And, astonishingly, 
everyone is anxious to resolve it.
At one point, early in 1983, there were over twen­
ty bills before Congress designed to offer solutions to 
our "national crisis" in science education. One of our 
leading senators proposed spending one and one half 
billion dollars to resolve the 1983-'84 crisis-a stag-
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gering proposal when one considers that a total of two 
billion was available to support science and mathemat­
ics education during the entire twenty-five years fol­
lowing the launching of Sputnik in 1957. (p. 191)
In light of this assessment of the condition of science 
education, the importance of determining the present condi­
tion, and as background for this research study, the litera­
ture reviewed in this section will be presented in greater 
detail than previous sections. Findings of several regional 
studies will be presented followed by the findings of three 
national studies.
Regional Assessments of Science Education
In Illinois the Science Education Cooperative repre­
senting teachers, principals, science consultants, profes­
sors, and state department representatives sought to deter­
mine the state of science education in their state in 1975 
(Fitch & Fisher, 1979). This study included time spent 
teaching K-6 science, curricular programs in use, obstacles 
to science teaching, and sources of assistance to improve 
science education. Although the response on this survey was 
low (38%), an analysis of non-respondents indicated the re­
sponses were valid for generalization over a wide area of 
the state. Fitch and Fisher found kindergarten classes 
averaged 58 minutes of science instruction per week, with an 
increase of about 20 minutes per grade. Thus, time allotted
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to science instruction ranged from about one to four hours 
per week. Time spent teaching other subjects was not pro­
vided. The average amount spent per pupil in the support of 
science was "less than 70 cents. . . a very misplaced sense 
of values" (p. 414).
The textbook dominated as the determinant of the sci­
ence curriculum, and by 1975 little progress had been made 
in implementing a hands-on approach to teaching science such 
as ESS, SCIS, SAPA, etc. The combined use of the "alphabet 
programs" was less than 20% in the schools represented. 
Administrators of the school or district were the most fre­
quent sources of assistance to elementary teachers in the 
Fitch and Fisher (1979) study.
The problems related to elementary science instruction 
found in this Illinois study (Fitch & Fisher, 1979) were in 
rank order:
inadequate science background of teachers 
*Physical facilities
*Lack of materials, equipment or supplies 
*Scheduling of science 
*Class size
*Poorly defined goals for science education 
*Supplementary materials not available 
*Lack of individualized instructional 
materials
*Lack of correlation with other programs 
*Failure to identify objectives 
*Lack of student's prior preparation in 
science
*Failure to adapt programs to local needs 
*Lack of awareness of other programs 
*Student discipline problems 
*Lack of student interest (p. 412)
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Notably, lack of student interest in science was con­
sidered the least serious of the problems listed.
In New Hampshire two statewide surveys taken in 1970 
and 1978 (Andrew, 1980) determined science was not consid­
ered a basic, and many schools did not teach science as a 
major part of the curriculum. Science was determined to be 
"fast receding into the category of the occassional and sup­
plemental adjuncts of curriculum" (p. 109). A shift had 
occurred from teaching science two to five times per week to 
once per week, and science was allotted less than half the 
instructional time of math and one-fourth the time of lan­
guage arts. The average minutes per week allotted to in­
struction for various subjects in grades 1-6 were:
Language arts 551 min.
Math 313 min.
Social Studies 157 min.
Science 140 min.
Physical Education. 68 min.
Art 55 min.
(Andrew, 1980, p. 105)
Principals surveyed in New Hampshire rated science 
lower in priority (only 4% rated it a high priority), and 
those rating science "as important as other subjects" de­
creased 15% over the eight year period. Principals indi­
cated less interest in university sponsored workshops and
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more interest in universities preparing teachers with ade­
quate background to teach science.
The newer science programs showed an increase in usage 
with 34% of the New Hampshire schools using the national 
programs in 1977-1978 and others using "home made" combin­
ations of these and other sources.
Lack of time to teach science became the top problem in 
the survey while lack of adequately prepared teachers de­
creased dramatically as a limiting factor. These results 
showed several differences in the problem rankings between 
the New Hampshire and Illinois studies.
Manning, Esler, and Baird (1982) surveyed 191 elemen­
tary teachers from six counties in Florida enrolled in mas­
ters level education courses at the University of Central 
Florida. Their survey revealed nearly 25% taught no science 
and about 75% taught two or less hours of science per week 
during the school year. Only 18% reported teaching four or 
more hours of science per week. This reticence to teach 
science was perhaps related to low confidence and the per­
sonal preference of teachers for other subjects. Thirty-two 
percent of the teachers indicated a low or very low confi­
dence in their ability to teach science and 48% stated 
average confidence. Only 15% indicated teaching science was 
their first or second preference while 23.6% rated science 
as their last (fifth place) choice.
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Coble and Rice (1980) reported a statewide assessment 
showed that, "Test results available on elementary students 
in North Carolina indicate that knowledge of science is low" 
(p. 661). This statewide assessment indicated higher 
achievement in simple knowledge objectives than in areas 
requiring comprehension and application. Their study also 
noted that for sixth graders laboratory skills and knowledge 
of the nature of science rated lowest of the areas studied.
Teachers in North Carolina indicated they generally 
liked teaching science but averaged less than 30 minutes per 
day (two and one half hours per week). Principals surveyed 
indicated that inadequacy of supplies and materials was an 
impediment in their state. Principals further indicated one 
way to increase the effectiveness of science teaching would 
be to improve teachers1 knowledge of science and science 
teaching.
In Massachusetts the Advisory Council on Education con­
tracted with Harvard University for a major statewide survey 
published in 1973 (Whitla & Pinck) to determine what was 
happening with the NSF innovative science programs in the 
state. The study found that statewide science had a rela­
tively low priority in elementary curricula, that science 
programs require relatively high budget expenditures, and 
"the concept of scientific literacy had little saliency at 
the elementary level" (Whitla & Pinck, p. 3). Because of 
the large number of elementary teachers in the state, imple­
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mentation of new science materials was found to be a diffi­
cult and slow process. They were ahead of many states at 
that time since 13% of the students studied science in NSF 
programs compared to 4.6% nationwide in 1971. Time spent 
teaching science increased with grade from 76 minutes in 
grade one to 157 minutes in grade six, and the average was 
108 minutes (1.8 hours) per week.
Teachers with strong science backgrounds were found to 
be more satisfied with teaching science when compared to 
those with weaker backgrounds. Most elementary teachers 
criticized both their science and science methods back­
ground. They indicated, "their undergraduate science educa­
tion was not as helpful as it could have been " (Whitla & 
Pinck, 1973, p. 11), and they were very critical of their 
methods courses.
Elementary school principals in Massachusetts ranked 
science "far behind mathematics and reading" (p. 12) in 
terms of importance, and 57% felt their facilities were in- 
adeguate or totally inadequate for teaching science. Princi­
pals considered a priority for other subjects, inadequate 
consultant help, and inadequate inservice training to be the 
greatest hindrances to effective science teaching. They 
also indicated the greatest determinants for the success of 
science in their schools were enthusiasm of the teacher
(68%) and teacher skill (17%).
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In the Massachusetts study several interesting findings 
emerged regarding the NSF programs. These process/product 
oriented courses were felt to allow teachers to be more 
responsive to individual differences, but because of their 
interactive nature, these courses produced an increase in 
classroom management problems. These problems, however, 
were felt to be at acceptable levels, and 61% of the NSF 
program teachers as opposed to 54% of the non-NSF program 
teachers indicated their students liked science more than 
other subjects. Noteworthy again is the elementary stu­
dent's propensity for science.
Fulton, Gates and Krockover (1973, 1980) conducted two 
studies surveying student teachers after their eight week 
student teaching experience in Illinois, Indiana, New York, 
and Pennsylvania. The second replication study found few 
science education gains could be detected over the seven 
year period from 1973 to 1980. Not enough time to teach 
science was the greatest hindrance to teaching science in­
dicated by these preservice teachers, a finding similar to 
that detected in New Hampshire. A large proportion of the 
student teachers (80%) reported using SAPA, ESS or SCIS com­
pared to 27% in the first survey. Notably, 19% taught no 
science in eight weeks, a finding comparable to the Florida 
study conducted by Manning, et al. (1982). The time devoted 
to teaching science had declined over the seven year study 
although 97% reported science was well received by the
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children. Reinforcing sentiments expressed in the Whitla 
and Pinck study (1973), student teachers indicated they 
lacked content background in science that was applicable to 
teaching elementary school science.
In Canada a major study of Canadian science education 
was undertaken in 1980 (Orpwood & Souque, 1984). Critics of 
Canadian education strongly attacked science teaching as 
teaching knowledge and technique, but not social implica­
tions, and as perpetuating the "two cultures" discussed 
earlier in this chapter. The study found scientific inquiry 
was taught to be inductive in nature, but laboratory ses­
sions did not foster this approach with respect to teachers, 
indicating there was a "do as I say, not as I do" approach 
to teaching science.
Again the textbook was used heavily for planning sci­
ence courses. Many teachers felt the facilities and equip­
ment were inadequate, and those less enthusiastic about 
teaching science usually cited their lack of qualification 
as the reason. More than half of the Canadian elementary 
teachers had not taken math or science at the university 
level. The learning of content was favored more by teachers 
with less than 10 years teaching experience.
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Nationwide Assessments of Science Education
These area surveys of science education have great 
value in providing information useful on a regional basis, 
but interpretation and comparisons with other parts of the 
nation are somewhat tenuous. However, several comprehensive 
nationwide evaluations of science education have been per­
formed and are presented in detail in this section to pro­
vide an overall view of the state of science education in 
our nation and to provide background for the current study.
Science Teaching in the Elementary School:
A Survey of Practices (Blackwood Study)
The first major nationwide study reviewed was conducted 
by Blackwood (1965) for the U.S. Office of Education in 
1961. This study is of significance because it represented 
all public elementary schools in the United States in the 
early stages of the post Sputnik curricular revolution, just 
prior to the establishment of the newer curricular programs 
by the NSF. The study represented the views of the school 
principals, who received help from the teachers "as needed". 
The study noted that in 1961 differing philosophies of sci­
ence teaching existed. Other factors, including teacher 
preparation and economic resources, were also affecting 
science teaching.
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The principals surveyed by Blackwood (1965) were asked 
to rate ten selected objectives for teaching science. The 
percentage and rank order of these objectives based on the 
number of respondents indicating the goal as very important
was :
1. Help children develop their curiosity 
and ask what, how, and why questions. 87%
2. Help children learn (how) to think 
critically. 85%
3. Teach knowledge about typical areas 
of science study such as weather, 
electricity, plant, animal life, and 
others. 84%
4. Help children learn concepts and ideas 
for interpreting their environment. 84%
5. Develop appreciation for and attitudes 
about the environment. 82%
6. Help children develop problem-solving 
skilIs. 74%
7. Develop responsibility for the proper
use of science knowledge for the better­
ment of man. 69%
8. Prepare for high school science. 43%
9. Develop hobbies and leisure-time 
activities. 41%
10. Develop scientists.
(p. 180)
18%
As discussed earlier and evidenced here, teaching know1
ledge or facts was no longer the primary goal of science
education, and several broader goals, such as developing 
curiosity and thinking critically, were coming to the fore­
front of the stated goals.
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The study noted that science was taught in a variety of 
ways, and the size of the school had marked effects on sci­
ence teaching. The time allotted to teaching science in­
creased with grade level and averaged about 40 minutes per 
week in kindergarten and 110 minutes per week by grade six. 
Medium-sized schools averaged two hours of science per week 
by grade six while the smallest schools averaged only one 
hour a week.
In most classrooms the teacher taught science without 
assistance from outside help or consultants. Most schools 
(85%) consisted of self-contained classrooms, while 15% were 
departmentalized, using a special teacher for science les­
sons. In from 77% to 86% of the K-6 classrooms, depending 
on grade level, the classroom teacher taught science without 
help from a science specialist or other outside assistance. 
Less than half (42%) of the schools reported consultant help 
was available, and this help was usually from a general- 
knowledge, central-office supervisor. About 15%, usually 
the larger schools, had access to an elementary science con­
sultant, and smaller schools most often looked to a high 
school teacher for assistance. Of the 42% having assistance 
available, 40% to 50%, depending on grade level, indicated 
they rarely or never used consultant help.
Courses of study or curriculum guides existed as (a) 
state guides, (b) administrative unit guides, (c) local 
school guides, (d) the teacher's own ideas, and (e) text­
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books. Smaller schools used the textbook very often as the 
source of curriculum content while the largest schools more 
often used administrative unit guides. The smaller schools 
usually adopted a single textbook while the largest schools 
were less dependent on a single science text.
Almost half (46%) indicated their science equipment and 
supplies were either far from adequate or completely lack­
ing, another condition that varied with school size. In the 
larger schools equipment was generally available for demon­
stration type science teaching but not in sufficient quanti­
ties to support individual investigation by children. In 
the smallest schools over one-fourth indicated science 
equipment and supplies were completely lacking.
This finding was reflected in financial terms also. In 
1961 the mean expenditure on science per pupil was in the 
range of 44 to 60 cents while the mode was in the range of 
11 to 14 cents per pupil. Forty percent of all schools 
spent from zero to 20 cents per pupil per year on science. 
Smaller schools spent as much per pupil as larger schools, 
but the total money to purchase equipment and supplies was 
just not adequate.
The Blackwood study also rank ordered barriers to 
effective science teaching. The greatest barrier was 
perceived to be a lack of consultant service, followed by 
lack of supplies and inadequate room facilities; not enough
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time to teach science was ranked 9th of the 13 barriers. 
These barriers in rank order as determined in 1961 are:
1. Lack of consultant service
2. Lack of supplies
3. Inadequate room facilities
4. Insufficient funds
5. Do not have knowledge
6. Lack inservice opportunities
7. Inability to improvise
8. Do not know methods
9. Not enough time
10. Lack of community support
11. Teachers lack interest
12. What to teach not determined
13. Other areas more important 
(Blackwood, 1965, p. 195)
Blackwood determined that this study reflected great 
areas of inadequacy in some elementary schools and highly 
developed programs in others and concluded with eight per­
tinent recommendations to improve elementary science teach­
ing in the nation in 1961.
1. The average class size in many of the larger schools 
should be reduced for more effective instruction in 
science.
2. The number of minutes per week that science is taught 
should be increased in a large per cent of schools in 
order for children to have a science program of greater 
scope and depth.
3. The substantial per cent of schools which teach science 
incidentally in the lower grades may wish to reassess 
the advantages and disadvantages of that approach in 
comparison with a program based on a systematically 
planned curriculum.
4. The need of many elementary schools to acquire more 
adequate supplies of science teaching materials and 
equipment is clear. Small schools and schools in small 
administrative units particularly need to put more 
effort into obtaining and using science equipment and 
supplies.
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5. Those schools which report that they rarely or never use 
materials for science experiments or demonstrations need 
to develop ways to obtain materials and supplies for 
individual work and to help teachers learn to use the 
material effectively.
6. Schools need to develop or participate in effective 
in-service programs that enable teachers to update their 
knowledge and to learn better methods of teaching.
7. A rather substantial per cent of schools do not use any 
particular methods of identifying children with special 
aptitude or interest in science. This is an area of 
concern to which all schools need to give more atten­
tion. Providing proper programs for outstanding child­
ren in science must also be given constant attention.
8. Lack of consultant service was indicated by schools as a 
most important barrier to good science teaching. This 
suggests the need of schools to identify consultant 
resources, particularly for the classroom teachers who 
most often teach science in elementary classrooms. 
(Blackwood, 1965, p. 197)
The Status of Pre-College Science, Mathematics, 
and Social Science Education: 1955-1975 
(Helgeson, Blosser, and Howe Study)
The second nationwide study reviewed was a major status 
report on pre-college science, mathematics, and social 
studies commisssioned by the NSF and conducted by Helgeson, 
Blosser, and Howe in 1977. This study (a) sought to deter­
mine the impact of large expenditures of money and effort 
during a twenty year period and (b) was to serve as an 
assessment of current needs. During the time period covered 
by this study, 1955-1975, large amounts of money and cooper­
ative effort between scientists and educators were expended 
to improve the science content and curricula of the nation's
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teachers. Over 6,000 documents were identified as relating 
to the study, and a representative analysis was performed by 
the research team, resulting in five major subsections of 
the report. Several of the sections are reviewed as perti­
nent to this study.
Existing Practices and Procedures in Schools
The study found that during the late 1950's;
The feeling was that if science for elementary 
schools was to be improved there should be more care 
and emphasis on the selection of content (facts, con­
cepts, principles), reduction in the amount of content 
to allow for more depth, better organization of the way 
content was taught (sequence, articulation, examples, 
etc.), more emphasis on processes of science, more 
"hands on" science instead of reading about science, 
and use of a greater variety of media and materials for 
teaching science. (Helgeson et al., 1977, p. 17)
Alternative curricular materials, mostly funded by NSF, 
were produced as a response to this need and had a marked 
effect on classroom instruction, curriculum guides, and book 
publishers resulting in about 30% of the schools using or 
having used these materials (Fulton, Gates, & Krockover, 
1973; Weiss, 1978). This researcher's review of the liter­
ature shows a considerable decline in this 30% figure by 
1986. Although there was documentation about the extent of 
these courses, there was little data collected on the qual­
ity of implementation of this material. In the latter five 
years of the study, there was an increased concern that ele­
mentary school knowledge objectives had been de-emphasized
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too much, and as a result, the extent of laboratory experi­
ences had been reduced.
Instructional Patterns
The common pattern for elementary science education was 
found to be the self-contained classroom according to the 
Helgeson et al. (1977) study. Hands on science had in­
creased, but lecture/discussion or student demonstration 
continued to be the normal modes for elementary teachers 
with perhaps 30% to 40% teaching science by a reading/ 
lecture mode. This condition was diametrically opposed to 
the National Science Teachers Association (1970) position 
which stated:
It is now widely recognized that science is a process 
and an activity fully as much as it is an organized 
body of knowledge and that, therefore, it cannot be 
learned in any deep and meaningful way by reading and 
discussion alone. (p. 3)
Classes using NSF materials devoted more time to sci­
ence than those not using these materials, and the average 
time devoted to teaching science increased in the upper 
grades (110-140 minutes per week) and stayed about constant 
in the lower grades (60 minutes per week) over the period 
studied.
Helgeson, et al. (1977) reported national studies in 
1961, 1970, 1972, 1973, and 1974 indicated there were iden­
tifiable barriers to science instruction which had remained
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substantially the same with only slight changes in the 
percentage of responses. Further, the studies determined 
instruction improved as barriers were reduced, but not 
enough effort had been expended to reduce these barriers 
adequately.
Facilities and Equipment
According to Helgeson et al. inadequacy of room facili­
ties was considered the greatest barrier to elementary sci­
ence teaching, and space for preparation or storage and 
space for activities were critical problems. The conclusion 
was reached that regular classrooms were not effective for 
teaching science. Additionally, this study found lack of 
equipment and supplies ranked second as a barrier.
Teacher Background
Neither science-content courses nor teaching method­
ology were evaluated in a positive manner in the Helgeson et 
al. (1977) study, and it was noted that:
Elementary school science teaching still appears to be 
handicapped by deficiencies both in course content and 
in teaching methodology, as well as by inadequate 
teaching conditions in the school. (p. 70)
By way of explanation, the study noted labs were tradi­
tionally an important area in science instruction, but most 
college science classes, as in Canada, were taught by
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lecture and accompanied by labs for verification, not for 
discovery. Most college labs did not provide the cognitive 
or affective skills elementary teachers required as back­
ground experience. It continued:
When research published in 1974 is considered, studies 
seem to indicate that effective programs can be devel­
oped to teach science process skills to elementary 
teachers, that this training is likely to influence the 
way teachers conduct science lessons, that participa­
tion in designing and carrying out investigations of 
their own is likely to be the most important component 
of such programs, that knowledge of science content is 
not highly related to the development of process 
skills, and that teachers in activity-centered programs 
have more favorable attitudes relative to science. 
(Helgeson et al., 1977, p. 66)
With regard to the background of elementary teachers 
the study concluded there had been little increase in the 
amount of science required by elementary education majors at 
the university level and noted teachers usually did not 
elect such courses if not required.
Teaching of science in elementary schools has been 
a continuing problem. A substantial number of teachers 
do not enjoy teaching science, do not enjoy science 
themselves, do not enroll for any course work related 
to science after they graduate, and do not study sci­
ence on their own. (Helgeson et. al., 1977, p. 122)
Inservice Education
The Helgeson et al. study recommended that inservice 
education should be considered a necessity since no pre­
service program can educate a teacher well enough to negate 
the need for additional skill development. Inservice educa­
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tion was also of importance since with declining school 
populations, many school staffs would consist of older 
tenured teachers, a group that does not tend to return to 
school for additional training, even though science know­
ledge is constantly changing and rapidly increasing. Also, 
as fewer new teachers are produced in the future in response 
to declining enrollments, newer certification standards will 
have little impact on the improvement of the quality of 
teachers. It was also recognized that many local programs 
of inservice education treated only the symptoms without a 
research base to identify the cause.
Controlling and Financing Education: Effect on Science 
Education
Helgeson et al. noted that federal support for science 
education increased from 1955 to the late 1960's and has 
declined ever since. Over this same time, the percentage of 
state support remained nearly flat, and the percentage of 
local support declined. As noted in previous studies, sci­
ence was generally given a lower priority than other curric­
ular subjects and as a result is influenced earliest by a 
drop in financing.
As a major need facing education, the basic skills 
are almost invariably viewed as including reading, 
mathematics (especially computational skills), communi­
cation and language arts skill (both written and oral), 
and fundamental knowledge in other areas. It is only 
in this last category that concern for science is in­
dicated, and then only rarely, when the needs are
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determined by surveys of the population in general.
(Helgeson et al., 1977, p. 150)
Efforts to increase accountability and establish min­
imum competencies have generally been restricted to mathe­
matics, reading, and communication which has in turn tended 
to reduce the time, emphasis, money, and personnel available 
for science. Science is not generally included in minimal 
competency requirements.
Other results of decreased funding of education are 
that teachers are assigned to several teaching areas, per­
haps outside of their specialty; classes may be larger with 
correspondingly lessened lab safety; and less money is 
available to buy materials and supplies. At the state level 
this reduced funding results in fewer science supervisors 
and reduced inservice assistance from the state.
Reduced funding also affects inservice education 
nationwide. Previous efforts in science education had been 
supported by Title III and NDEA funds and largely by NSF 
funds over the period 1955-1975, and had wideranging impact. 
However, as pointed out, their effects were temporary due to 
turnover in teaching staffs, and in 1974 only 14% of the 
elementary teachers had attended an NSF institute. Estab­
lishing priorities in science education and funding them 
accordingly was one possible solution set forth by the 
Helgeson et al. (1977) report.
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Science Education Needs
In science education Helgeson et al. (1977) found 
several needs were evident over the period from 1955 to 
1975.
1. Stabilized and improved funding is a critical need 
in science education.
2. A basic and continuing need is for science educa­
tion that includes:
a. Facts, concepts, principles
b. Inquiry, investigative processes
c. Interaction of science and society
d. Appreciations and attitudes
e. Career knowledge and awareness
f. Relationships of self and environment
3. Improved science teacher education, particularly 
for inservice teachers, is an important need.
4. Curriculum and instructional materials are needed 
that are more flexible, are appropriate for a wider 
range of student abilities, and that reflect emerg­
ing societal concerns.
5. Continuing research in science teaching and learn­
ing is vitally needed. (p. 168)
Report of the 1977 National Survey of Science, Mathematics, 
and Social Studies Education (Weiss Study)
The definitive nationwide study establishing base line 
data for the state of science education was directed by Dr. 
Weiss of Research Triangle Institute and conducted for the 
NSF in 1977. An in-depth review of this material is a pre­
requisite for having a sense of science education at some 
point in the near past and also bears heavily on the study 
being conducted by this researcher. All numerical refer­
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ences are related to the number of teachers, administrators, 
and so forth responding in that category. This was general­
ly a high percentage of the sample population because of ex­
cellent follow-up efforts by the researchers.
The Helgeson et al. (1977) study reviewed earlier de­
termined that guidelines (a) aid in progress of science edu­
cation, (b) help determine a direction, and (c) normally are 
not produced at a local level but need to be established at 
the state or federal level. By contrast the Weiss (1978) 
study found that only about 25% of the states set guidelines 
for instructional time at the K-6 level, although many dis­
tricts may set guidelines of their own. Not surprisingly, 
there were few guidelines set for kindergarten classes. The 
average district guidelines for the minimum number of 
minutes spent daily in teaching science was from 16 minutes 
in kindergarten to 34 minutes in grade six (1.3 to 2.8 hours 
per week, respectively). This compares very equitably with 
district guidelines, recommended for mathematics and social 
studies, but as noted later, guidelines do not ensure equi­
table teaching time.
In contrast to these district guidelines, science was 
actually allotted about the same amount of time as social 
studies, but only one-half as much as mathematics, and one- 
fourth as much as reading. Comparisons of the actual time 
spent per day teaching each subject in minutes per day was 
indicated for grades K-3 to be:
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Mathematics 41 minutes
Science 17 minutes
Social Studies 21 minutes
Reading 95 minutes
(Weiss, 1978, p. 51)
For grades 4-6 these times were:
Mathematics 51 minutes
Science 28 minutes
Social Studies 34 minutes
Reading 66 minutes
(Weiss, 1978, p. 51)
Forty-three percent of the districts used a standard­
ized test of science at the K-6 level, compared to 93% in 
mathematics and 50% in social studies. The major use made 
of these tests was to report results to individual teachers 
Few districts made use of these results for revising curric 
ula or to determine inservice education topics. Competency 
based education (CBE) was an area determined to be growing 
in usage but few states had established specific competen­
cies as of 1976. Two percent of the states had competency 
requirements in science compared to seven percent in math 
and none in social studies. Thirteen percent of the states 
indicated they planned to implement science competency re­
quirements for graduation, compared to 35% for math and 22% 
for social studies.
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Very few states required any specific science or math 
course for high school graduation. If they did, biology was 
the normal requirement. In the North Central census area of 
Illinois, Indiana, Iowa, Kansas, Michigan, Minnesota, 
Missouri, Nebraska, North Dakota, Ohio, South Dakota, and 
Wisconsin, no specific science course was required. Nation­
wide 47% of the responding districts required a specific 
science course for graduation, usually general science 
(27%), biology (21%), or physical science (12%).
Helgeson et al. (1977) reported that a statewide super­
visor and district coordinators aided in the dissemination 
and adoption of newer science materials. The Weiss (1978) 
report found only 55% of the states had a statewide super­
visor, and about one-fifth (22%) of the districts had a full 
time (greater than 75% time) science coordinator. Sixty- 
nine percent of the schools did not have a department chair­
person or department instructional chairperson at the ele­
mentary level.
Principals are a potential source of instructional help 
for teachers. However, the Weiss survey showed that few 
principals had undergraduate majors in science or mathe­
matics while most had background in reading, language arts, 
or English. As a result, this potential help was reduced; 
17% to 20% of the principals reported they felt not well 
qualified to supervise science, a much larger number than 
felt not well qualified in other areas. The percentages of
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principals reporting a perceived inadequacy in each area at 
the K-3 level were; social studies 5%, reading/language 
arts/English 5%, mathematics 12%, and science 20%. The 
corresponding figures for grades 4-6 were; social studies 
2%, reading/language arts/English 7%, mathematics 8%, and 
science 17%. (Weiss, 1978)
About one-third of the elementary teachers responded 
that principals and local inservice classes were their 
primary source of new curriculum materials. Helgeson et al. 
(1977) noted previously that this inservice education was 
necessary for the advancement of elementary science teach­
ing. Meetings of professional organizations, teacher un­
ions, and publishers were not highly rated sources of new 
information.
Thirty-three percent of the districts, a comparable 
figure with earlier studies, were using ESS (15%), SAPA 
(9%), or SCIS (9%). About half (49%) of the classes were 
taught using a single published textbook/program, an impor­
tant figure in light of Helgeson et al. (1977) statement 
that the text is the primary determiner of the curriculum. 
However, many teachers (52% to 87%) indicated they had never 
seen these materials in 1977 according to Weiss (1978). Few 
(0% to 12%) indicated they were using these materials (see 
Appendix B, Table 8).
Few elementary schools had a specific budget for sci­
ence equipment or supplies. Of the 16% having a specific
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budget, the average amounts were $3.05 for equipment and 
$1.56 for supplies per pupil per year. Suburban schools 
generally had the best equipment, followed in order by urban 
and then rural schools.
As noted in previous studies, most science was still 
taught in self-contained classrooms rather than special 
science rooms or laboratories, and often the room had no 
science facilities. The percentage of each type of class­
room reported for grades K-6 was:
Laboratory or special science room 4%
Classroom with portable science materials 54%
Classroom with no science facilities . 36%
(Weiss, 1978, see Appendix B, Table 9)
Teachers in the NSF/Weiss (1978) study indicated 
changes were needed in many areas to improve the teaching of 
science and these areas differed greatly with grade level. 
The percentage of teachers indicating improvement was needed 
in various areas for grades K-3 was:
Facilities 27% 
Equipment 46% 
Supplies 38% 
Money to Buy Supplies on a Day-to-Day Basis 49% 
Storage Space for Equipment and Supplies 40% 
Space Available for Classroom Preparation 30%
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Spaces for Small Groups to Work 35%
Availability of Laboratory Assistants or 
Paraprofessional Help 48%
(Weiss, 1978, p. 135)
For grades 4-6 this was indicated to be:
Facilities 42%
Equipment 55%
Supplies 53%
Money to Buy Supplies on a Day-to-Day Basis 57%
Storage Space for Equipment and Supplies 50%
Space Available for Classroom Preparation 50%
Spaces for Small Groups to Work 54%
Availability of Laboratory Assistants or 
Paraprofessional Help 56%
(Weiss, 1978, p. 135)
Besides these deficiencies in facilities and equipment, 
many teachers indicated personal deficiencies as well. Only 
about one-fifth (22%) felt very well qualified to teach sci­
ence, and five times as many indicated they felt not as well 
qualified to teach science as reading, 16% and 3% respec­
tively, (see Appendix B, Table 10). Teachers, in general, 
indicated their areas of greatest need to be obtaining in­
formation about instructional materials, learning new teach­
ing methods, implementing the discovery/inquiry approach, 
and using hands on materials.
Another major area of the Weiss (1978) study was deter­
mining impediments to the teaching of elementary science 
perceived to exist in 1976-1977. This material is discussed 
further by this researcher's study as outlined in Chapter 3 
and is examined in detail in Chapters 4 and 5.
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CHAPTER 3
RESEARCH DESIGN
Method of Data Collection: Research Instruments
Two instruments were used to gather data for this 
study. The first instrument, Survey 1, was an open-ended 
questionnaire which solicited impediments elementary teach­
ers believed existed in their school as a whole but not nec­
essarily their own classroom. This was a solely teacher­
generated list of problems perceived to exist in the geo­
graphic area surveyed in south-central Minnesota. This area 
encompassed 85 elementary schools in 52 school districts.
The second instrument, Survey 2, consisted of a shortened 
version of a survey utilized in a 1976-1977 study directed 
by Dr. Weiss and conducted for the National Science Founda­
tion. This survey instrument was developed by consultation 
with a variety of knowledgeable educators, administrators, 
and state officials in addition to elementary teachers.
Data Collection and Survey Population
Mutual recognition of existing barriers to quality sci­
ence instruction in the non-metropolitan service area of
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Mankato State University has led to regular and on-going 
cooperation between the University and area schools. The 
goal of this partnership has been the improvement of science 
instruction within reasonable cost and time parameters. In 
1985, Dr. William Bessler of the Mankato State University 
biology department submitted a grant proposal to the Minne­
sota Department of Education, Higher Education Coordinating 
Board. This grant was for the funding of a series of work­
shops designed to strengthen the science teaching skills of 
elementary teachers in the primary service area of Mankato 
State University. The basis of the grant was:
The recurring message emanating from school dis­
tricts to be served by the proposed project is that 
quality science education, which must begin in the ele­
mentary school, is the exception, not the rule. Rea­
sons include but are not necessarily limited to quali­
fied, mature teachers leaving the system, remaining 
teachers having little or no science expertise, and 
limited supply of new teachers possessing acceptable 
preparation in the science disciplines. While science 
instruction exists in the elementary curriculum on 
paper, there often exists great disparity between what 
appears on paper and what transpires between teacher 
and students. Many elementary teachers, confronted by 
daily responsibility to teach science experience genu­
ine anxiety stemming from inadequate subject matter and 
methodological preparation. (Bessler & Babel, 1985, 
pp. 2-3)
The University subsequently received a grant of $62,000 
to fund 20 inservice workshops during the 1985-1986 school 
year. The project was designed to service a variety of non­
metropolitan school districts which ranged from rural 
schools with only a few teachers to a large system of 16 
elementary schools and over 100 teachers. The workshops
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were available to all public and private school elementary- 
teachers in the nine-county non-metropolitan area of Region 
Nine, encompassing the counties of Blue Earth, Nicollet, 
Brown, Watonwan, Waseca, Martin, Faribault, LeSueur, and 
Sibley. This area included 52 school districts with 67 pub­
lic and 18 non-public, outstate, elementary schools. Sev­
eral districts elected not to participate because of dis­
tance, district policies, or commitments to other programs. 
The 293 teacher participants represented 39 school dis­
tricts, 42 public schools, and 18 private schools.
The workshops were offered during the school day in an 
attempt to maximize teacher participation. The school dis­
tricts involved agreed to utilize money allotted to them 
under the Title II program. This program enables districts 
to make time available to their teachers for inservice par­
ticipation by providing money for substitute teachers and 
travel support funds. Four centrally located schools in 
Mankato and Waseca, Minnesota, were asked as needed to pro­
vide meeting space and act as hosts for the various work­
shops. Participating teachers, in addition to released time 
and a substitute teacher replacement for the half-day work­
shops, were also given a $35 stipend, continuing education 
renewal units, and an option for obtaining college credit 
for participation ir\ the workshops. The program was publi­
cized at a series of meetings involving college personnel, 
area superintendents, principals, science and math coordi­
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nators, curriculum directors, and representative teachers to 
insure widespread access to the workshops.
Content of the workshops was determined by a panel of 
representatives from participating districts including 
teachers, administrators, science educators and science- 
content specialists and was designed to appeal to a broad 
spectrum of elementary teachers. The objectives of the 
workshops were that:
1. Teachers will develop understanding of criti­
cal content material likely to be encountered while 
teaching science at the K-6 level.
2. Teachers will develop strategies necessary to 
stimulate learning of science skills by their students.
3. Teachers will acquire hands-on skills for use 
in science instruction with learners in the classroom.
4. Teachers will develop leadership skills to as­
sist them in playing a support role on the local level 
on behalf of science education, their peers and within 
the community. (Bessler & Babel, 1985, p. 4)
The workshops were designed to present methodology, 
content, and practical applications. Each was taught by a 
team consisting of a science educator, a content specialist, 
and a master elementary teacher. This helped insure both 
the subject matter integrity and the applicability of mate­
rial to elementary science.
In addition to being of interest and benefit to a broad 
spectrum of elementary teachers, the workshops were targeted 
to be available to all the area public and private teachers, 
serving "normal" and gifted/talented classes in the nine-
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county area. Strictly special education classes were not 
targeted or addressed in these workshops. To maximize com­
munication, liaison representatives from the various groups 
affected by the workshops were included in the planning pro­
cess and throughout the grant implementation. To insure a 
wide distribution of participants each workshop-teacher se­
lection process gave preference to teachers not previously 
attending other workshops and representing a wide variety of 
school buildings. Because of this cooperative planning and 
implementation, financial reimbursements, selection poli­
cies, central workshop locations, and other practices previ­
ously mentioned, a large proportion of eligible teachers 
attended the workshops. This participation was reduced 
slightly by a few districts electing not to participate be­
cause of distance, commitments to other programs, or poli­
cies prohibiting teachers from receiving stipends if the 
district paid for their substitute teacher replacement.
Instrument 1: Teacher-Generated List of 
Perceived Impediments
A series of 20 inservice workshops were scheduled by 
Mankato State University for the 1985-1986 school year to 
assist elementary teachers in a nine-county area of 
south-central Minnesota in the teaching of science. The 
first workshop was used by the coordinators to set the
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groundwork for future workshops, ascertain potential prob­
lems, and gain a sense of direction for the workshops. In 
order to avoid interfering with these needs of the workshop 
coordinators, data were not gathered at this first workshop. 
At the beginning of the next workshop the participants were 
given a blank sheet of paper and the instructions, "Many 
times we do not or are not able to teach science as well as 
we would like to. Please list anything you feel hinders or 
impedes the teaching of science in your building. This need 
not be an occurrence in your particular classroom, just 
something you feel operates in your building that prevents 
the teaching of science as well as you feel it could or 
should be taught." This solicitation resulted in the 34 
teachers present generating a list of 112 responses with 
each respondent providing from two to seven impediments. 
Analysis of these 112 responses allowed them to be pared to 
41 nonduplicate responses. A list of these responses was 
prepared as the first survey instrument, Survey 1, and data 
were collected from a total of 104 teachers at the next 
three workshops. The original wording of the responses was 
retained as much as possible to aid in the peer-to-peer 
sharing of ideas and to insure a teacher-generated listing 
of problems. On this form the teachers were instructed to 
mark all items they felt significantly inhibited the teach­
ing of science in their building, and then return to the 
marked items to circle the five items they felt were the
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most serious barriers. Following the last item on the form, 
the teachers were requested to, "List other impediments to 
teaching science you are aware of that are not included on 
this form." Thus, on each item their choices were to (a) 
omit a response if this was not a factor in their building, 
(b) mark an "X" if it was a problem in their building, (c) 
return to circle the five "X'd" that were the most serious 
problems, or (d) add new items to the list.
This instrument resulted in a final listing of 44 im­
pediments generated by 34 teachers and rank ordered based on 
the responses of 104 teachers. One item was used twice on 
the survey as a check of the consistency of the teachers' 
responses. Items 1 through 41 were included on all three 
workshops, but Items 42 through 44, teacher additions from 
Workshop 1, were included only in the last two workshops, 
and the results were then reported as a proration over all 
three workshops.
The NSF/Weiss Survey:
Development and Sampling
The National Science Foundation contracted with 
Research Triangle Institute (RTI) in 1976 to conduct a 
national survey of the status of math, science, and social 
studies education in elementary and secondary schools in the 
United States. The RTI project team was directed by Dr.
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Weiss. The process was begun in April 1976, completed in 
1977, and the results were published by the Superintendent 
of Documents, U.S. Government Printing Office in March 1978. 
The areas of interest outlined by the NSF/Weiss study (1978) 
were:
1. What science courses are currently offered in 
schools?
2. What local and state guidelines exist for the 
specification of minimal science experiences for stu­
dents?
3. What texts, laboratory manuals, curriculum 
kits, modules, etc., are being used in science class­
rooms?
4. What share of the market is held by specific 
textbooks at the various grade levels and subject 
areas?
5. What regional patterns of curriculum usage are 
evident? What patterns exist with respect to urban, 
suburban, rural, and other geographic variables?
6. What "hands-on" materials, such as laboratory 
or activity centered materials, are being used? What 
is the extent and frequency of their use by grade level 
and subject matter?
7. What audio-visual materials (films, film­
strips/ loops, models) are used? What is the extent, 
frequency and nature of their use by grade level and 
subject area?
8. By grade level, how much time (in comparison 
with other subjects) is spent on teaching science?
9. What is the role of the science teacher in 
working with students? How has this role changed in 
the past 15 years? What commonalities exist in the 
teaching styles/strategies/practices of science teach­
ers throughout the United States?
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10. What are the roles of science supervisory 
specialists at the local district and state levels?
How are they selected? What are their qualifications?
11. How have science teachers throughout the 
United States been influenced in their use of materials 
by Federally-supported in-service training efforts in 
science? (p. 1)
Questionnaires designed to answer these eleven areas of 
interest were developed cooperatively by RTI and superin­
tendents; science, math, and social studies supervisors; 
principals; and teachers of science, math, or social studies 
in public and private schools. Survey instruments were then 
developed for each of the listed groups. Thus, the surveys 
developed represented many points of view, not just a teach­
er perspective as did Survey 1. All 50 states and the Dis­
trict of Columbia were included in the survey.
The area surveyed was divided by population into 1,675 
Primary Sampling Units (PSU's). Non-metropolitan PSU's were 
generally contiguous counties. Random selection resulted in 
the final selection of 102 Primary Sampling Units. In each 
of these PSU's four K-3 and four 4-6 public or private 
schools were sampled by randomly selecting three teachers in 
each school to receive a questionnaire.
Prior to selection, the teachers were ordered by grade 
and then sampled in proportion to the population of teachers 
by grade. Most elementary teachers teach all academic areas 
and were randomly assigned to either math, science, or so­
cial studies for survey purposes. This process resulted in
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a sampling of 558 teachers nationwide on the elementary sci­
ence survey. Although the distribution was not reported, on 
a prorated basis this sampling would consist of 139 teachers 
in the North Central region, 12 teachers in the state of 
Minnesota, and 2 teachers sampled in south-central Minne­
sota .
The questionnaires utilized in the NSF/Weiss (1978) 
study were developed by RTI after a review of the literature 
to identify previous studies and to determine the pertinent 
variables to be studied. These questions were modified 
after review by representatives from the NSF, and then rep­
resentatives from the Association of State Supervisors of 
Mathematics, the Council of State Science Supervisors and 
the Council of State Social Studies Specialists to insure 
that the informational needs of state personnel would be 
met. The new drafts were reviewed by consultants from 
public school systems, universities, and professional organ­
izations, including the American Association for the Ad­
vancement of Science (AAAS) and the American Psychological 
Association, to check for adequacy, importance, and ambigu­
ity of the survey instruments.
This process resulted in further refinement of the 
instruments which were reviewed by representatives of the 
Committee on Evaluation and Information Systems (CEIS) of 
the Council of Chief State School Officers. These commit­
tees then granted RTI permission to survey in each state,
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and the instruments were field tested by about 200 teachers 
in 1976. The final instruments were approved by the Commit­
tee on Evaluation and Information Systems of the Office of 
Management and Budget and mailed in early 1977.
To be cost and time efficient, samples, rather than the 
entire population, were utilized. Potentially, sampling in­
troduces errors which decrease as sample size increases.
Data collected from teachers were deemed most crucial, and a 
sample design was chosen to maximize the accuracy of this 
information. The initial solicitations and follow up by 
mailgram and telephone produced a 76% response rate on 
teacher questionnaires on the NSF/Weiss study.
Instrument 2: Revised NSF Survey
The science-survey instrument utilized by the NSF for 
the Report of the 1977 National Survey of Science, Mathe­
matics and Social Studies Education was revised to reflect 
the goals of this study. The questionnaire was shortened in 
an attempt to increase the rate of questionnaire completion 
by decreasing the rather formidable length of the original 
survey. The questions deleted related to attendance at NSF 
conferences and workshops, NSF-sponsored activities, teacher 
sources of information about new developments, and experi­
ence with selected curriculum materials such as Science, A 
Process Approach (SAPA), metric usage, useful journals or
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periodicals, and teaching techniques. These questions were 
not related to the purpose of this study (see Appendix C). 
The questions retained served to supply information about 
regional patterns of teachers and teaching practices, and 
differences in problem areas over time for this study, while 
other items will serve as a basis for future studies by this 
researcher.
Data Compilation and 
Statistical Treatment of Data
Survey 1 sought to identify current, regional impedi­
ments to teaching elementary science using entirely teacher­
generated responses. The results of the surveys were tabu­
lated by the number of teachers responding on each question 
with an "X", indicating an impediment, or with an "0" (cir­
cle), indicating a most serious impediment. After tabula­
tion the 44 items were rank ordered from most serious to 
least serious in order to ascertain the most serious teacher 
perceived impediments to teaching elementary science in 
south-central Minnesota. This rank ordering was performed 
twice, once based only on items marked as most significant 
(0) and a second time based on the total times an item was 
marked as significant or most significant (X + 0). While 
each of these methods provided a slightly different but 
useful way of viewing problems to teaching elementary sci­
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ence, rank ordering by the total number of teachers marking 
an item (X + 0) was used as most representative. The prob­
lem areas were also analyzed for common roots, such as lack 
of time, money, etc. The results are presented in Chapter 
4.
Survey 2 sought to identify and rank current impedi­
ments to teaching elementary science using a form generated 
by a variety of knowledgeable consultants rather than using 
a strictly teacher-based view. The results were rank or­
dered as before and differences between the original NSF 
1977 survey and the current survey were noted and tested for 
significance using a chi square test at the .05 probability 
level. The calculations testing for overall significance on 
each question were performed using the relationship
Considering each of the four categories of possible 
responses on the NSF survey (a) serious problem (S), (b)
somewhat serious problem (SW), (c) not a problem (N), and
(d) no response (M, missing) the calculation of chi square
X2
( 1 )
where Oy = observed frequency
E/' = expected frequency
becomes:
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As discussed in Chapter 4, the last term pertaining to 
missing responses produced an overestimation of significant 
differences. To reduce this tendency the "missing" category 
was proportionately applied to the other three categories, 
and the equation for chi square was then calculated using 
these weighted results and tested for significance with two 
degrees of freedom. The results of this survey are pre­
sented in Chapter 4.
CHAPTER 4
RESULTS
Two survey instruments were utilized for this study.
The first instrument, Survey 1, was developed from teacher 
responses to a questionnaire requesting their perception of 
impediments to the teaching of science in the elementary 
classrooms of their school. The second instrument, Survey 
2, was a revision of a nationwide NSF study conducted in 
1977. The questions on this survey were developed by the 
researchers after consultation with educators, superinten­
dents, state boards, the NSF, and other concerned and 
knowledgeable parties.
Survey 1: Teacher-Generated Survey
On each of the 43 items of Survey 1, the respondents 
had three choices. They could omit a response if the item 
was not a problem or mark an "X" if the item was a problem. 
Then they could return to any items marked "X" to circle the 
five most serious problems. The results of the survey were 
tabulated and reported (Table 1) as the percentage of teach­
ers marking each item as "serious" (total X's) or "most 
serious" (total 0's), and to gain a better estimate of the
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over-all seriousness of an item the percentage of teachers 
marking either of these categories (total X + 0). This last 
figure was used for the rank ordering of the impediments 
since it more clearly represented the total number of teach­
ers indicating a problem in each category.
Table 1 displays the 43 impediments rank ordered from 
most serious to least serious based on this statistic.
TABLE 1
RANK OF IMPEDIMENTS ON SURVEY 1 
BY PERCENTAGE OF TEACHERS MARKING A PROBLEM 
AS SERIOUS (X) OR MOST SERIOUS (0)
Rank
Impediment and 
(Question on Survey)
Serious
(X)
Most
Serious
(0)
Total
Marking
a
Problem
(X+0)
1 Inadequate time to assemble, 
set up, clean up lab 
exercises (3) ............... 34 34 67
2 Prep time inadequate (1). . . 22 37 59
3 Equipment is incomplete or 
inadequate ( 2 8 ) ............. 18 38 56
4 Not enough time to teach all 
units in a year (safety, eco­
logy, etc.) (2) ............. 28 27 55
5 No time to develop units (13) 31 21 52
6 Space not available to leave 
materials set up until an­
other day (20)............... 35 16 51
6 Inadequate time to develop 
units (31)............... 35 16 51
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(Table 1 continued)
8 Equipment not in a nearby, 
convenient, or central loca­
tion ( 2 1 ) ................... 23 24 47
9 Inadequate money to purchase 
supplies (29) ............... 22 24 46
10 Teachers lack adequate sub­
ject background (7) ........ 20 25 45
11 Classroom layout not condu­
cive (no sinks,etc.) (16) . . 21 19 40
12 Inadequate time to survey 
and order equipment (6) . . . 33 5 38
12 Lack activities children can 
do independently (17) . . . . 25 12 38
12 Lack storage space (24) . . . 30 8 38
15 Materials (books, filmstrips, 
etc.) outdated (23) ........ 26 11 37
15 Teachers feel uncomfortable 
with the subject (35) . . . . 24 12 37
15 Not enough material for small 
group activities (36) . . . . 22 14 37
18 Equipment too expensive (22). 31 5 36
19 Inadequate time to teach after 
covering basic skills (4) . . 19 15 35
20 Time allotted not sufficient 
after scheduling around P.E., 
music, art, etc. (5) . . . . . 14 16 31
21 Class size too large (40) . . 23 7 30
22 Inadequate or no curriculum 
guide ( 26)................... 15 12 28
23 Lack creative way to teach 
concepts ( 9)................. 22 5 27
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[Table 1 continued)
24 Supplies must be purchased a 
year in advance and nothing 
can be purchased "as you 
go" (43)..................... 11 13 24
25 Materials too difficult to 
locate or obtain (32) . . . . 17 4 21
26 "Book learning" teaches more 
content and takes precedence 
over "hands-on" learning (42) 13 5 18
27 Teachers don't like 
science (10)................. 12 2 14
27 Activities appropriate for 
grade level not available (41) 10 5 14
29 Too difficult to get students 
to bring materials from 
home (27) ................... 12 1 13
30 Animals too messy or too much 
bother (38) ................. 11 2 12
31 Custodians don't like
mess (15) ................... 8 4 12
31 Lack books (25) ............. 10 2 12
31 Many experiments don't 
work (30) ................... 7 5 12
34 Activities are noisy (18) . . 6 5 11
35 Science not as important as 
other subjects (14) ........ 7 3 10
35 Activities are messy (19) . . 9 1 10
35 Seasons/conditions wrong in 
Minnesota (Can't grow plants 
in winter, etc.) (37) . . . . 7 3 10
38 Science not important (11). . 2 0 2
Principal doesn't like mess 
or noise (12) .............
38
2 0 2
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(Table 1 continued)
38 Unprofessional attitude by 
teacher (33)................. 1 1 2
41 Experiments too dangerous (8) 1 0 1
42 Liability for accidents too 
high (34) ................... 0 0 0
42 Kids don't like science (39). 0 0 0
N = 104
Note. Percentages are rounded to the nearest whole 
number. Tied impediments received the same rank.
The totals of the responses to the items of Survey 1 
were tested for significant differences as discussed in 
Chapter 3, using the category mean as the expected value. 
Although only Question 3, "Inadequate time to assemble, set 
up, clean up lab exercises" was statistically significant at 
the .05 level, definite trends in the ranking of the ques­
tions are evident. The number, rather than the percentage 
of teachers marking each category is shown in Appendix B, 
Table 11. Minor shifts in rank order were observed by using 
this latter method of analysis, but few shifts out of a 
discussion category occurred.
For ease of analysis, the 43 impediments were divided 
into three groups of approximately 14 impediments. Where 
impediments were tied in rank, all tied questions were 
assigned the same rank and included in one group for dis­
cussion purposes.
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Top-Ranked One-third of Impediments: Survey 1
The 14 most serious impediments (top third) are shown 
in Table 2.
TABLE 2
TOP THIRD OF TEACHER-PERCEIVED IMPEDIMENTS
RANKED BY PERCENTAGE OF TEACHERS MARKING A PROBLEM 
AS SERIOUS (X) OR MOST SERIOUS (0)
Rank
Impediment and 
(Question on Survey)
Serious
(X)
Most
Serious
(0)
Total
Marking
a
Problem 
(X + O)
1 Inadequate time to assemble, 
set up, clean up lab 
exercises (3) ............... 34 34 67
2 Prep time inadequate (1) • . . 22 37 59
3 Equipment is incomplete or 
inadequate (28) ............. 18 38 56
4 Not enough time to teach all 
units in a year (safety, eco­
logy, etc.) (2) ............. 28 27 55
5 No time to develop units (13) 31 21 52
6 Space not available to leave 
materials set up until an­
other day (20)............... 35 16 51
6 Inadequate time to develop 
units (31)................... 35 16 51
8 Equipment not in a nearby, 
convenient, or central loca­
tion ( 2 1 ) ................... 23 24 47
9 Inadequate money to purchase 
supplies (29) ............... 22 24 46
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(Table 2 continued)
10 Teachers lack adequate sub­
ject background (7) ........ 20 25 45
11 Classroom layout not condu­
cive (no sinks,etc.) (16) . . 21 19 40
12 Inadequate time to survey 
and order equipment (6) . . . 33 5 38
12 Lack activities children can 
do independently (17) . . . . 25 12 38
12 Lack storage space (24) . . . 30 8 38
Note. Percentages are rounded- Tied impediments 
received the same rank.
Items 13 and 31 were equivalent forms of the same 
impediment and served as a check of teacher consistency in 
answering the questionnaire. These questions received the 
ranks of fifth and sixth respectively and the totals for the 
two questions differed by only one point, indicating a high 
degree of consistency in teacher responses.
As might be expected from other literature, time 
limitations are a serious problem at the elementary school 
level with variations ranking first, second, fourth, fifth, 
sixth, and twelfth of the top 14 problems perceived by 
teachers. There was not enough time to assemble science 
materials (ranked first), prepare lessons (second), teach 
all the units expected in one year (fourth), to develop 
units (fifth and sixth), or to survey and order equipment 
for science (twelfth). Poor financing of science surfaced
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as inadequate or incomplete equipment (third) and lack of 
money to buy supplies (ninth). Problems with facilities 
emerged as a lack of space to set up and leave experiments 
for later (sixth), space to store equipment in a nearby 
convenient location (eighth) or lack of storage space 
(twelfth), and normal classroom layout not conducive to 
science teaching (eleventh). This survey reinforced find­
ings in the literature that many teachers feel they have 
inadequate understanding of or preparation in science 
(tenth) and lack activities for individualized or indepen­
dent science activities (twelfth).
Middle-Ranked One-third of Impediments: Survey 1
The middle grouping of 14 problems is listed in Table 
3.
TABLE 3
MIDDLE THIRD OF TEACHER-PERCEIVED IMPEDIMENTS 
RANKED BY PERCENTAGE OF TEACHERS MARKING A PROBLEM 
AS SERIOUS (X) OR MOST SERIOUS (0)
Impediment and 
Rank (Question on Survey)
Most
Serious Serious 
(X) (0)
Total
Marking
a
Problem
(X+0)
15 Materials (books, filmstrips, 
etc.) outdated (23) ........ 26 11 37
15 Teachers feel uncomfortable 
with the subject (35) . . . . 24 12 37
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(Table 3 continued)
15 Not enough material for small 
group activities (36) . . . . 22 14 37
18 Equipment too expensive (22). 31 5 36
19 Inadequate time to teach after 
covering basic skills (4) . . 19 15 35
20 Time allotted not sufficient 
after scheduling around P.E., 
music, art, etc. (5)........ 14 16 31
21 Class size too large (40) . . 23 7 30
22 Inadequate or no curriculum 
guide (26)................... 15 12 28
23 Lack creative way to teach 
concepts (9)................. 22 5 27
24 Supplies must be purchased a 
year in advance and nothing 
can be purchased "as you 
go" (43)..................... 11 13 24
25 Materials too difficult to 
locate or obtain (32) . . . . 17 4 21
26 "Book learning" teaches more 
content and takes precedence 
over "hands-on" learning (42) 13 5 18
27 Teachers don't like 
science (10)................. 12 2 14
27 Activities appropriate for 
grade level not available (41) 10 5 14
Note. Percentages are rounded. Tied impediments 
received the same rank.
This middle grouping of problems was perceived by many 
teachers as areas of difficulty, but not as the most or the 
least serious problems on the list. This category included
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more items related to insufficient money (ranked fifteenth 
and eighteenth), inadequate subject background (fifteenth), 
and time pressures (nineteenth and twentieth), closely 
related to the top group of problems. Items relating to 
class size; money management; inconvenience or time; and 
teacher background, attitude, or philosophy ranked lower and 
seem more closely related to the group of relatively non­
problem areas of the next section.
Lowest-Ranked One-third of Impediments: Survey 1
The grouping of 15 impediments perceived as relatively 
non-problems is shown in Table 4.
TABLE 4
LOWER THIRD OF TEACHER-PERCEIVED IMPEDIMENTS 
RANKED BY PERCENTAGE OF TEACHERS MARKING A PROBLEM 
AS SERIOUS (X) OR MOST SERIOUS (0)
Total
Marking
Rank
Impediment and 
(Question on Survey)
Serious
(X)
Most
Serious
(0)
a
Problem
(X+O)
29 Too difficult to get students 
to bring materials from 
home (27) ................... 12 1 13
30 Animals too messy or too much 
bother (38) ................. 11 2 12
31 Custodians don't like
mess (15) ................... 8 4 12
31 Lack books (25) ............. 10 2 12
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(Table 4 continued)
31 Many experiments don 11 
work (30) ................... 7 5 12
34 Activities are noisy (18) . . 6 5 11
35 Science not as important as 
other subjects (14) ........ 7 3 10
35 Activities are messy (19) . . 9 1 10
35 Seasons/conditions wrong in 
Minnesota (Can't grow plants 
in winter, etc.) (37) . . . . 7 3 10
38 Science not important (11). . 2 0 2
38 Principal doesn't like mess 
or noise (12) ............... 2 0 2
38 Unprofessional attitude by 
teacher (33)................. 1 1 2
41 Experiments too dangerous (8) 1 0 1
42 Liability for accidents too 
high (34) ................... 0 0 0
42 Kids don't like science (39). 0 0 0
Note. Percentages are rounded. Tied impediments 
received the same rank.
These items indicate that experiments sometimes not 
working, noise, mess, and the inconvenience of out-of-season 
experiments are apparently acceptable inconveniences. The 
attitudes about science of principals or teachers are not 
serious problems. At least in the minds of teachers, if not 
in fact, as evidenced by time actually spent teaching a sub­
ject, science is considered as important as other subjects. 
Danger o^f experiments or liability for accidents was not a
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concern. Significantly, no teacher marked the response, 
"kids don't like science", indicating lack of student inter­
est is not an impediment to teaching elementary science.
Survey 2: NSF/Borchardt Survey
The second survey device was a shortened version of an 
NSF questionnaire used in a nationwide study during 1976- 
1977. Question 6, "The following factors may affect science 
instruction in your school as a whole. In your opinion, how 
much of a problem is caused by each of the following?" was 
the primary item analyzed in this study. The other items on 
the second survey instrument (NSF/Borchardt) were used as 
background material and as material for future research. An 
analysis was conducted using a chi square test to compare 
the four response categories of the NSF/Weiss survey (a) 
serious, (b) somewhat serious (c) not a serious problem, and 
(d) missing (no response) with the same four categories of 
this survey. The responses for all grades K-6 on the NSF/ 
Borchardt Survey in south-central Minnesota are shown in
Table 5.
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TABLE 5
IMPEDIMENTS FOR GRADES K-6 ON SURVEY 2 (NSF/BORCHARDT) 
ARRANGED BY PERCENTAGE OF TEACHERS INDICATING A PROBLEM
Total
_______ Problem________  Serious
Plus
Rank Impediment Serious Somewhat Not NR Somewhat
1 Lack of materials 
for individualizing 
instruction........ 30 53 17 0 83
2 Inadequate
facilities ........ 23 56 20 0 80
3 Insufficient funds 
for purchasing 
equipment and 
supplies .......... 19 56 23 2 75
4 Lack of teacher 
planning time. . . . 28 46 25 1 74
5 Not enough time to 
teach science. . . . 23 48 29 0 71
6 Teachers inadequately 
prepared to teach 
science............. 6 54 40 0 60
7 Belief that science 
is less important 
than other subjects. 5 48 47 0 53
8 Inadequate articula­
tion of instruction 
across grade levels. 8 41 47 4 49
9 Out-of-date teaching 
materials........... 18 31 51 0 49
10 Inadequate student 
reading abilities. . 3 46 51 0 49
11 Lack of teacher 
interest in science. 3 41 56 0 44
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(Table 5 continued)
12 Class size too 
large............... 7 33 60 0 40
13 Inadequate diversity 
of science electives 2 29 55 14 31
14 Insufficient numbers 
of textbooks . . . . 11 11 76 2 22
15 Compliance with 
Federal regulations. 2 16 75 6 19
16 Low enrollments in 
science courses. . . 1 16 68 15 17
17 Lack of student 
interest in science. 2 17 81 0 19
18 Difficulty in main­
taining discipline . 1 11 87 1 12
N = 218
Note. NR = no response (missing). Percentages are 
rounded.
Past research results have usually been reported for 
all grades K-6, as already presented. To allow comparison 
with the 1977 NSF/Weiss Survey, the results were also 
calculated for the two categories, grades K-3 and grades 4-6 
and presented later in Tables 6 and 7.
The hypotheses tested in the form of the null 
hypothesis was that there were no differences between the 
answers given by teachers on the 1977 NSF/Weiss survey and 
those given on the current NSF/Borchardt survey. Twelve of 
the 18 items on the K-3 and 6 of the 18 items on the 4-6
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portion of the study resulted in statistically significant 
differences.
Initially, a chi square was calculated for each 
question utilizing all four response categories and resulted 
in all K-3 survey impediments except item (n), Class sizes 
too large, being significantly different at the .05 level 
with three degrees of freedom. The researcher determined 
this total chi square for each impediment was being 
influenced rather heavily by the "missing" responses, the 
number of teachers not responding to the survey item, 
especially the missing category responses on the NSF/Weiss 
survey. In order to lessen this bias and obtain more valid 
results, the other categories; (a) serious, (b) somewhat 
serious and (c) not serious, were weighted to reflect a 
truer response, and the total chi square was recalculated 
using two degrees of freedom. This change in method 
resulted in twelve of the 18 items on the K-3 and 6 of the 
18 items on the 4-6 portion of the study exhibiting 
statistically significant differences.
Since many of the response differences involved 
teachers responding to the dichotomy of (a) a problem 
(serious or somewhat serious) or (b) not a problem, chi 
squares were also calculated using just these two categories 
with one degree of freedom. This was determined to produce 
only minor changes in the number of items rated significant 
at the .05 level. Therefore, the discussion of results are
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based on the total number of teachers indicating a problem, 
a procedure similar to that used on Survey 1.
Results in Grades K-3: Survey 2
The impediments of the survey are presented in Table 6 
in order of their ranking on the NSF/Borchardt Survey by the 
total percentage of teachers indicating a problem, and the 
corresponding rank on the NSF/Weiss Survey is also shown.
Discussion of K-3 Results: Survey 2
The impediments surveyed (Table 6) are presented in 
order of their ranking on the 1986 NSF/Borchardt Survey for 
grades K-3. Percentages refer to this study unless other­
wise stated. Items testing significantly different (p <
.05) between the NSF/Weiss and NSF/Borchardt surveys are 
marked with an asterisk.
*d. Insufficient funds for purchasing equipment and 
supplies ranked first and was rated a problem by 
91% of the teachers, an increase of 26% from the 
NSF/Weiss Survey.
*e. Lack of materials for individualizing instruc­
tion ranked second and increased by 18%, the shift 
occurring from "not" to "somewhat a problem". 
Eighty-seven percent of the participating 
elementary teachers rated this to be a problem.
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TABLE 6
PERCENTAGE OF TEACHERS INDICATING EACH IMPEDIMENT IS A 
SERIOUS PROBLEM, SOMEWHAT OF A PROBLEM, OR NOT A PROBLEM 
RANK ORDERED BY SURVEY 2 (NSF/BORCHARDT) FOR GRADES K-3
Serious
Somewhat Not +Somewhat
Impediment and Serious Serious Serious Serious
Rank (Weiss Rank) W B  W B  W B  W B
1 Insufficient
funds(3) ........... 30 26 35 64 35 25 65 912 Lack materials 
for individualiz­
ing (1) ............. 30 30 38 57 31 13 69 873 Lack of teacher 
planning time(4) . . 23 37 38 47 39 21 60 843 Not enough time to 
teach science(6) . . 26 30 30 54 44 16 56 845 Inadequate fa­
cilities (1)........ 26 24 43 56 31 20 69 80
6 Belief science 
less important(8). . 7 6 42 53 52 41 49 59
7 Out-of-date teach­
ing materials(11). . 18 19 25 35 57 46 43 54
8 Teachers inade­
quately prepared(5). 9 6 50 47 41 46 58 53
9 Inadequate articula­
tion across 
grades (12 )........ 8 8 33 44 58 47 41 52
10 Lack of teacher in­
terest in science(9). 4 4 44 43 51 58 48 47
11 Inadequate student 
reading ability(7) . 11 3 40 40 50 62 51 43
11 Class sizes too 
large(10).......... 11 9 32 34 56 57 44 4313 Inadequate diversity 
of electives(13) . . 9 2 25 38 63 57 34 40
14 Compliance with Fed­
eral regulations(16) 3 5 16 21 79 75 19 26
15 Insufficient number 
of textbooks(14) . . 11 10 15 15 73 73 26 2516 Low enrollment in 
courses(18). . . . . 2 1 7 19 89 78 9 20
17 Lack of student 
interest(17) . . . . 2 1 15 9 82 90 17 1018 Difficulty maintain­
ing discipline(15) . 4 1 18 8 79 91 22 9
Sample N = 287 Weiss; 112 Borchardt
Note. W = Weiss survey; B = Borchardt survey. Percentages 
are rounded. Tied items have same rank.
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*1. Lack of teacher planning time, ranked third. The 
24% increase resulted from more teachers 
indicating a perceived problem in both the serious 
and somewhat serious categories and a correspond­
ing decrease of 18% of the teachers indicating it 
was not a problem. Eighty-four percent marked 
this as a problem area.
*m. Not enough time to teach science, ranked fourth, 
increased 28% with most of the increase resulting 
in a shift from "not a problem" to "somewhat of a 
problem". Eighty-four percent indicated this as a 
problem.
*c. Inadequate facilities, ranked fifth, was also
viewed as more of a problem and was indicated to 
be a problem by 80% of the teachers, an increase 
of 11% from the Weiss survey.
*a. The belief that science is less important than 
other subjects, ranked sixth, was recognized as 
more of a problem on this survey, a 10% increase. 
Moderate shifts occurred from the "not a problem" 
to "somewhat a problem" categories. Forty-one 
percent believed this was still not a problem.
*f. Out-of-date teaching materials ranked seventh,
increased 11%, and changes occurred by shifts from 
"not a problem" to "somewhat of a problem". Over 
half (54%) marked this a problem area.
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k . Teachers inadequately prepared to teach science,
ranked eighth, decreased slightly but not signifi­
cantly. Still over half of the elementary school 
teachers (53%) indicated this was a problem in the 
lower grades; 6% a serious problem; and 47% some­
what of a problem.
*p. Inadequate articulation of instruction across
grade levels, ranked ninth, showed a moderate 11% 
increase in the "somewhat of a problem" category 
and a corresponding decrease from "not a problem", 
j. Lack of teacher interest in science, ranked tenth, 
did not show a significant change on the two 
surveys. Notably, 47% rated this a problem; 4% a 
serious problem; and 43% somewhat of a problem.
*i. Inadequate student reading abilities was ranked
eleventh and showed an 8% decrease in this survey 
with the major shift occurring from "serious" to 
"not a problem".
n. Class size too large ranked twelfth and was marked 
a problem by almost identical amounts on the two 
surveys. Nine percent felt this was a serious 
problem, and 34% felt this was somewhat of a 
problem.
*q. Inadequate diversity of science electives, ranked 
thirteenth, decreased in the "serious"
90
category but increased in the "somewhat a 
problem", and overall slightly more teachers 
recognized this as a problem.
b. Compliance with Federal regulations was ranked
fourteenth and increased slightly as a problem but 
not significantly. About one-fifth of the 
teachers considered this to be a problem.
g. Insufficient number of textbooks received almost 
identical ratings on both surveys and ranked 
fifteenth. One-fourth of the teachers rated this 
to be a problem.
*r. Low enrollments in science courses, ranked 
sixteenth, was the last category to show a 
significant change at the K-3 level. The change 
resulted primarily in a shift from "not a problem" 
to "somewhat of a problem"
h. Lack of student interest, ranked seventeenth, 
decreased slightly as a problem area. This was 
rated a problem by only 10% of the teachers, and 
only 1% felt this was a serious problem.
*o. Difficulty in maintaining discipline, ranked
eighteenth, was the last item to show a decrease 
on this survey. Only 9% viewed this as a problem, 
and only 1% noted it to be a serious problem, a 
decline of 3% and 10% respectively.
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Results in Grades 4-6: Survey 2
Differences between the NSF/Borchardt and the NSF/Weiss 
surveys were not as great at grades 4-6, and only six of the 
18 items were determined to be statistically significant at 
the .05 level. Three other items were close to significance 
at this level, perhaps indicating possible trends. The 
results of the two surveys for grades 4-6 are presented in 
Table 7 in order of the total percent of teachers indicating 
a problem on the NSF/Borchardt Survey. Tied impediments 
received the same rank.
Discussion of 4-6 Results: Survey 2
The impediments surveyed (Table 7) are presented in 
order of their ranking on the 1986 NSF/Borchardt Survey for 
grades 4-6. Percentages refer to this study unless other­
wise stated. Items testing significantly different (p <
.05) between the NSF/Weiss and NSF/Borchardt surveys are 
marked with an asterisk.
c. Inadequate facilities, ranked first, was rated a 
serious problem by 23% and somewhat of a problem 
by 57% of the elementary teachers surveyed. Over­
all 80% of the teachers rated this a problem, 
about the same as on the NSF/Weiss Survey (79%).
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TABLE 7
PERCENTAGE OF TEACHERS INDICATING EACH IMPEDIMENT IS A 
SERIOUS PROBLEM, SOMEWHAT OF A PROBLEM, OR NOT A PROBLEM 
RANK ORDERED BY SURVEY 2 (NSF/BORCHARDT) FOR GRADES 4-6
Serious
Somewhat Not +Somewhat
Impediment and Serious Serious Serious Serious
Rank (Weiss Rank) W B W B W B W B
1 Inadequate
facilities(1). . . . 32 23 46 57 21 20 79 80
2 Lack materials 
for individualiz­
ing (2) ............. 32 30 43 48 26 23 74 78
3 Insufficient 
funds ( 4 ) .......... 31 15 41 60 27 24 72 75
4 Lack of teacher 
planning time(5) . . 22 20 45 50 33 30 67 70
5 Teachers inade­
quately prepared(10) 9 6 38 60 52 34 47 6 6
6 Not enough time to 
teach science(8) . . 12 16 38 42 49 42 50 58
7 Inadequate student 
reading ability(3) . 23 3 50 54 27 43 73 57
8 Inadequate articula­
tion across 
grades ( 7)........... 10 8 45 43 45 50 56 51
9 Belief science 
less important(6). . 8 3 48 44 44 53 57 47
10 Out-of-date teach­
ing materials(8) . . 14 17 36 28 49 55 50 45
11 Lack of teacher 
interest in 
science (13)........ 5 2 3 2 41 63 57 37 43
12 Class sizes too 
large (11)........... 12 6 31 31 58 63 43 37
13 Inadequate diversity 
of electives(14) . . 9 3 26 28 65 67 35 32
14 Lack of student 
interest(12) . . . . 4 4 37 26 59 71 41 30
15 Insufficient number 
of textbooks(16) . . 11 12 15 7 73 81 27 19
16 Low enrollment in 
courses (18)........ 2 1 7 18 90 79 9 19
17 Difficulty maintain­
ing discipline(15) . 5 2 26 14 68 84 31 16
18 Compliance with Fed­
eral regulations(17) 4 0 21 15 75 85 25 15
Sample N = 287 Weiss; 112 Borchardt.
Note. W = Weiss survey; B = Borchardt survey. Percentages 
are rounded.
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e . Lack of materials for individualizing ranked
second and was a problem to 78% of the respond­
ents. Thirty percent rated it serious and 48% 
"somewhat a problem".
*d. Insufficient funds for purchasing equipment,
ranked third, increased only slightly as a 
problem. More teachers (19%) rated this as 
somewhat of a problem, but 16% less rated this a 
serious problem. Seventy-five percent of the 
respondents marked this as a problem area.
l. Lack of teacher planning time ranked fourth.
Twenty percent of the teachers rated this serious 
and half somewhat of a problem. Overall 70% rated 
this to be a problem.
*k. Teachers inadequately prepared to teach science 
ranked fifth and was perceived to be more of a 
problem but not a serious problem. There was a 
22% increase in the "somewhat a problem" category. 
Two-thirds of the teachers noted this to be a 
problem area, an increase of 19%.
m. Not enough time to teach science, ranked sixth, 
was a problem to over half the teachers (58%). 
Forty-two percent rated it somewhat of a problem 
and 16% a serious problem.
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i. Inadequate student reading ability decreased as a 
problem on this study but still ranked seventh and 
was a problem to over half of the teachers (57%). 
Only 3% felt this was a serious problem, a 
decrease of 20%.
p. Inadequate articulation across grades, ranked
eighth, showed a slight but statistically insig­
nificant decrease between the two surveys and was 
deemed a problem by half the teachers, but only 8% 
felt this a serious problem.
*a. The belief that science is less important than 
other subjects ranked ninth. There was a 
decrease from 57% to 47% in the number of teachers 
considering this to be a problem. Over half (53%) 
of those surveyed felt it was not a problem, and 
only 3% rated this a serious problem.
f. Out-of-date teaching materials, ranked tenth, was 
rated a problem by 45% of the teachers. Seventeen 
percent indicated a serious problem in this area.
j. Lack of teacher interest in science, ranked 
eleventh. Only 2% of the teachers felt this was a 
serious problem, but more (41%) indicated it to be 
"somewhat a problem", and overall 43% felt this 
was a problem area.
n. Class size too large, ranked twelfth, decreased 
slightly but not significantly from the 1977
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survey. This was not viewed by as many to be a 
serious impediment (6%), but over one-third (37%) 
rated this a problem area.
q. Inadequate diversity of electives, ranked
thirteenth, did not show a significant change. 
About one-third believed this was a problem.
*h. Lack of student interest in science, ranked
fourteenth, was rated less of a problem on this 
survey. Seventy-one percent believed this was not 
a problem.
g. Insufficient number of textbooks ranked
seventeenth, was a problem to only 19% of the 
teachers.
*r. Low enrollments in science courses, ranked
sixteenth, increased as a problem although 79% 
still indicated enrollment was not considered a 
problem.
*o. Difficulty in maintaining discipline, ranked
seventeenth, decreased almost half (from 31% to 
16%) between the two surveys. Only 2% rated this 
as a serious problem. Eighty-four percent 
indicated discipline was not a problem in grades 
4-6.
b. Compliance with Federal regulations ranked last 
and was not considered a problem on either the 
1977 Weiss or the 1986 Borchardt survey.
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Comparisons of Survey 1: Teacher-Generated Survey 
and Survey 2: NSF/Borchardt Survey
Survey 1, the Teacher-Generated Survey, represented an 
overall K-6 ranking of impediments perceived by teachers. 
Survey 2, the NSF/Borchardt Survey, was not a solely 
teacher-generated survey but included input by administra­
tors, state personnel, and other knowledgeable profes­
sionals. These slightly different points of view produced 
some similarities, some differences and some anomalies in 
the perception of problems that merit consideration in this 
section. The "brainstorming" approach of Survey 1, by vir­
tue of having more items (43), produced finer gradations of 
impediments than did the NSF/Borchardt Survey with thirteen 
items. In many cases it was not difficult to find compara­
ble areas of the two surveys while other comparisons were 
less obvious, and some items had no counterpart. The items 
of the NSF/Borchardt Survey are listed below followed by the 
researcher's grouping of similar Survey 1 items, with the 
understanding that other groupings are possible, and several 
items could apply to more than one category. If there were 
no equivalent items, the corresponding area is marked 
"none." Although the rankings on the two surveys are not
directly comparable, they do show some consistency in rela­
tive rank within each survey, and this similarity was used 
to aid in establishing equivalent groupings. For example,
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Item c. Inadequate facilities ranked high, second of 
eighteen items on the NSF/Borchardt study, and related items 
ranked high (6, 8, 11, and 12 of 43) on the Teacher- 
Generated Survey. To facilitate making comparisons the 
ranking on each survey was divided by the number of items on 
that survey to produce a more comparable decimal equivalent 
rank ranging from .0 to 1.0. Thus, Item f, out-of-date 
teaching materials, ranked ninth of 18 or _^_5 on the NSF/ 
Borchardt Survey and fifteenth of 43 or on the Teacher- 
Generated Survey, indicating a fair degree of agreement 
between these two surveys. These decimal rankings are indi­
cated in parenthesis after each item. Where large differ­
ences in rankings exist several explanations seem plausible. 
First, the teacher groups may have viewed the problems dif­
ferently, thus producing a change in ranking. Other possi­
ble explanations are that the factor indicated is not a 
large contributor to the broader NSF category, or finally 
the survey forms used may have affected the teachers' 
response. The items on the NSF survey, Survey 2, are listed 
in the left column while comparable items from the Teacher- 
Generated Survey, Survey 1, are listed in the right column.
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Survey 1
Equivalent Teacher- 
Generated Questions 
(and Relative Ranking)
4. Inadequate time to 
teach after covering basic 
skills. (.4)
5. Time allotted not suf­
ficient after scheduling 
around P.E., music, art, 
etc. (. 5)
11. Science not impor­
tant . ( . 9 )
14. Science not as impor­
tant as other 
subjects. (.8)
The belief that science is less important (a) shows close 
agreement with two items on the Teacher-Generated Survey but 
not very close agreement with its almost identical counter­
part (14) science not as important. No reason is apparent 
for this difference on Item 14, but Item 11, science not 
important, perhaps reinforces the attitude that elementary 
teachers consider science important but not as important as 
other subjects.
Survey 2
NSF Questions (and 
Relative Ranking)
a. Belief that science 
is less important than 
other subjects. (.4)
b. Compliance with Fed- None
eral regulations. (.8)
Compliance with Federal regulations ranked low on the K-3 
survey, and last on the 4-6 survey for a K-6 ranking of 
fifteen. No comparable item was found on the Teacher- 
Generated Survey, reinforcing the finding that this area is 
not a problem to teachers.
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c. Inadequate facilities. 16. Classroom layout not 
(.1) conducive (no sinks, etc.)
(.3)20. Space not available to 
leave materials set up un­
til another day. (.1)
21. Equipment not in a 
nearby, convenient, or 
central location. (.2)
24. Lack storage 
space . ( .3)
Inadequate facilities (c) was comparably ranked on the two 
surveys.
d. Insufficient funds 22. Equipment too expen-
for purchasing equipment sive. (.4)
and supplies. (.3) 28. Equipment is incom­
plete or inadequate. (.1)
29. Inadequate money to 
purchase supplies. (.2)
Insufficient funds (d) was comparably ranked with teacher­
generated items. Item 43, no money to purchase as you go, 
was originally placed in this grouping, but was determined 
to be an administrative or money management problem based on 
the wide difference in ratings and was moved to a category 
of its own. Item 27, too difficult to get materials from 
home, was classed with insufficient funds on the premise 
that materials from home would not be needed if sufficient 
money was available for purchase but was reclassed with (j) 
lack of teacher interest based on similar rankings.
100
e. Lack of materials for 17. Lack activities child-
individualizing instruc- ren can do
tion. (.1) independently. (.3)
36. Not enough material
for small group 
activities. (.6)
Item 17, lack activities children can do independently, 
would also seem to fit well under (k) teachers inadequately 
prepared to teach science. There is no apparent reason for 
the large difference with Item 36, not enough material for 
small group activities.
f. Out-of-date teaching 
materials. (.5)
g. Insufficient numbers 
of textbooks. (.8)
h. Lack of student inter­
est in science. (.9)
23. Materials (books, 
filmstrips, etc.) 
outdated. (.4)
25. Lack books. (.7)
39. Kids don't like 
science. (1.0)
Out-of-date materials (f), insufficient texts (g), and lack 
of student interest in science (h) on the NSF survey agreed 
reasonably with their almost identical counterparts on the 
Teacher-Generated Survey.
i. Inadequate student None
reading abilities. (.6)
Inadequate reading ability (i) ranked tenth or about the 
median on the K-6, NSF/Borchardt Survey but was not put 
forward as a problem on the Teacher-Generated Survey. No
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explanation is obvious for this result other than the forms 
used can affect the results achieved.
j. Lack of teacher in- 10. Teachers don't like
terest in science. (.6) science. (.6)
18. Activities are
noisy. (.8)
19. Activities are
messy. (.8)
27. Too difficult to get 
students to bring mater­
ials from home. (.7)
30. Many experiments don't 
work. (.7)
32. Materials too diffi­
cult to locate or 
obtain. (.6)
33. Unprofessional atti­
tude by teacher. (.9)
37. Seasons/conditions
wrong in Minnesota(Can't 
grow plants in winter, 
etc. (.8)
38. Animals too messy or 
too much bother. (.7)
Lack of teacher interest (j) had close agreement with some 
items but not all. Items 32, materials too difficult to 
obtain, and 27, too difficult to get students to bring 
materials from home, were shifted to this lack of teacher 
interest category from (e) lack of material for individual­
izing and (d) insufficient funds based on closer agreement 
with this area. Item 33, unprofessional attitude of teach­
ers might merit a category of its own.
7. Teachers lack adequate 
subject background. (.2)
8. Experiments too dan-
k. Teachers inadequate­
ly prepared to teach 
science. (.3)
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gerous. (.9)
9. Lack creative way to 
teach concepts. (.5)
35. Teachers feel uncom­
fortable with the 
subject. (.3)
41. Activities appropriate 
for grade level not avail­
able. (.9)
Teachers inadequately prepared to teach science (k) agreed 
acceptably with three items, but two items the researcher 
interpreted as caused by deficiences in training or back­
ground might have other viable explanations. Items 41, 
appropriate activities not available, and 8, experiments too 
dangerous, could indicate a lack of teacher interest in 
science (j).
1. Lack of teacher plan- 1. Prep time 
ning time. (.2) inadequate. (.1)
3. Inadequate time to as­
semble, set up, clean up 
lab exercises. (.0)
13. No time to develop 
units. (.1)
26. Inadequate or no cur­
riculum guide. (.5)
31. Inadequate time to 
develop units. (.1)
Lack of planning time (1) agreed acceptably with five items. 
Lack of teacher interest (j) might be an alternate classi­
fication for Item 26, inadequate or no curriculum guide and 
Item 3, inadequate time to assemble, set up, clean up lab 
exercises. Item 3 might also be classified with (m) not 
enough time to teach science.
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m. Not enough time to 2. Not enough time to
teach science. (.3) teach all units in a year
(safety, ecology, 
etc.) ( .1)
Not enough time to teach science (m) seemed closely related 
to Item 2, not time to teach all units, but either could 
also be related to lack of teacher interest (j).
n. Class size too 40. Class size too
large. (.7) large. (.5)
Class size (n) received comparable ratings on both surveys.
o. Difficulty in main- None
taining discipline. (1.0)
Discipline (o) did not have a counterpart on the Teacher- 
Generated Survey, and ranked low on the NSF survey.
p. Inadequate articula- None
tion of instruction 
across grade levels. (.4)
Articulation across grade levels (p) ranked approximately 
midway on the NSF/Weiss study but was not present as a 
problem on the Teacher-Generated Survey. No explanation is 
apparent for this difference.
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q. Inadequate diversity None
of science electives. (.7)
Inadequate diversity of electives (q) did not have an 
obvious counterpart on the Teacher-Generated Survey unless 
inadequate or no curriculum guide (31) was placed here.
Very few (1%) rated this a serious problem on the NSF/ 
Borchardt Survey. These findings indicate the item probably 
should not have been included on the NSF/Weiss Survey.
r. Low enrollments in None
science courses. (.9)
Low enrollment (r) did not have a counterpart on the 
Teacher-Generated Survey, a reasonable finding based on its 
low ranking on the NSF surveys. This, as with (q), probably 
indicates an unnecessary item on the NSF/Weiss Survey.
None 42. "Book learning"
teaches more content and 
takes precedence over 
"hands-on" learning. (.6)
This impediment could be placed under (j) lack of teacher 
interest or may represent personal philosophy.
None 15. Custodians don't like 
mess. (.7)
None 12. Principal doesn't like
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mess or noise. (.9)
None 34. Liability for acci­
dents too high. (1.0)
None 43. Supplies must be pur­
chased a year in advance 
and nothing can be pur­
chased "as you go". (.6)
Five teacher-generated items, books teach more than hands-on 
(42), custodians and principals don't like the mess or noise 
(15, 12), liability for accidents (34) and no provision for 
purchases during the year (43), ranked low on the Teacher- 
Generated Survey and did not have counterparts on the NSF 
study.
Several of these findings are discussed further in
Chapter 5.
CHAPTER 5
ANALYSIS, CONCLUSIONS AND RECOMMENDATIONS
Impediments Determined in South-Central Minnesota 
Based on the Teacher-Generated Survey (Survey 1)
The first goals of this research were to determine 
impediments to teaching elementary science existing in 
south-central Minnesota from a teacher-based perspective, to 
rank order these problems, and to investigate for common 
roots. K-6 teachers attending the first inservice science 
workshop surveyed generated 43 impediments by a brain­
storming approach. These impediments were evaluated by 
participants at the next three workshops, the rank order 
calculated was presented in Table 1 of Chapter 4, and the 
findings are further discussed in the following three 
sections.
Top-Ranked One-third of Impediments: Survey 1
The top-ranked one-third of impediments based strictly 
on teacher perceptions on the Teacher-Generated Survey, 
Survey 1, are presented here. Tied impediments were 
assigned the same rank.
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Top-Ranked Impediments K-6, Survey 1:
1. Inadequate time to assemble, set up, clean up lab 
exercises.
2. Prep time inadequate.
3. Equipment is incomplete or inadequate.
4. Not enough time to teach all units in a year 
(safety, ecology, etc.).
5. No time to develop units.
6. Space not available to leave materials set up 
until another day.
6. Inadequate time to develop units.
8. Equipment not in a nearby, convenient, or central 
location.
9. Inadequate money to purchase supplies.
10. Teachers lack adequate subject background.
11. Classroom layout not conducive (no sinks, etc.).
12. Inadequate time to survey and order equipment.
12. Lack activities children can do independently.
12. Lack storage space.
The top-ranking group of problems were related to time 
pressures, inadequate finances, space limitations, and in­
adequate facilities. The problems rated as most serious 
related to time pressures: There was not time to assemble 
materials, supplies, and equipment; preparation time for 
lessons was inadequate; there was not enough time to develop 
or teach all expected units in an academic year nor time to 
survey catalogs or other sources and order the needed mate­
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rials. Another problem area was that equipment was often 
incomplete or inadequate, a financial problem. Space lim­
itations comprised another problem area noted as equipment 
not being in a central, convenient, and accessible location. 
In the normal self-contained classroom there was not room to 
set materials up ahead of time or to leave materials and ex­
periments set up for use at another time, and storage space 
was lacking. Classroom layout was not conducive to science, 
a problem with facilities. Inadequate money for supplies, a 
financial problem, was an impediment but was evaluated as 
less serious than those already listed. Finally, teachers 
believed they could benefit from having more independent ac­
tivities available. This impediment could indicate a prob­
lem with finances, time, or inadequate teacher background.
Middle-Ranked One-third of Impediments: Survey 1
The middle-ranked one-third of impediments based 
strictly on teacher perceptions on the Teacher-Generated 
Survey, Survey 1, are presented below. Items with the same 
ranking are tied.
Middle-Ranked Impediments K-6, Survey 1:
15. Materials (books, filmstrips, etc.) outdated.
15. Teachers feel uncomfortable with the subject.
15. Not enough material for small group activities.
18. Equipment too expensive.
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19. Inadequate time to teach after covering basic 
skills.
20. Time allotted not sufficient after scheduling 
around P.E., music, art, etc.
21. Class size too large.
22. Inadequate or no curriculum guide.
23. Lack creative way to teach concepts.
24. Supplies must be purchased a year in advance and 
nothing can be purchased "as you go".
25. Materials too difficult to locate or obtain.
26. "Book learning" teaches more content and takes 
precedence over "hands-on" learning.
27. Teachers don't like science.
27. Activities appropriate for grade level not 
available.
This middle group of problems was much more of a pot­
pourri with less commonality. They related to inadequate 
finances, time pressures, personal philosophy, and teacher 
background. Included were outdated materials such as books, 
filmstrips, etc., a financial problem, and inadequate or no 
curriculum guides, perhaps a problem with inadequate time, 
background, or finances. Money problems reoccurred twice as 
not enough material available for small groups, and equip­
ment was too expensive. Money management was a problem be­
cause there often was no provision to purchase supplies or 
replacement items when needed rather than on a once-a-year 
order. Time problems were noted again as (a) no time to 
teach after covering either the basics (usually not includ­
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ing science) or (b) the "enrichment" activities such as art, 
physical education, and music (often not including science). 
Science seems to be an enigma in classification, being con­
sidered neither a basic nor an enrichment activity. Other 
middle-ranked impediments included appropriate activities 
not readily available, and materials too difficult to lo­
cate, obtain, or to get students to bring from home. These 
problems related to time, background, or interest. Large 
class size, a financial problem, was the median of all prob­
lems listed. Perhaps related to accountability, perhaps to 
personal philosophy, or perhaps to a lack of teacher back­
ground was the belief that reading books on science teaches 
more or more efficiently than hands-on or inquiry science. 
Notably, several items relating to teacher preparation sur­
faced in this middle range of problems. Many teachers noted 
they felt uncomfortable with the subject, lacked a creative 
way to teach it, or didn't like science.
Lowest-Ranked One-third of Impediments: Survey 1
The lowest-ranked one-third of impediments based 
strictly on teacher perceptions on the Teacher-Generated 
Survey, Survey 1, are presented below. Items with the same 
ranking are tied.
Lowest-Ranked Impediments K-6, Survey 1:
29. Too difficult to get students to bring materials 
from home.
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30. Animals too messy or too much bother.
31. Custodians don't like mess.
31. Lack books.
31. Many experiments don't work.
34. Activities are noisy.
35. Science not as important as other subjects.
35. Activities are messy.
35. Seasons/conditions wrong in Minnesota (Can't grow 
plants in winter, etc.).
38. Science not important.
38. Principal doesn't like mess or noise.
38. Unprofessional attitude by teacher.
41. Experiments too dangerous.
42. Liability for accidents too high.
42. Kids don't like science.
The least serious problems that bothered relatively few 
of those teachers surveyed related to inconvenience, danger, 
liability, and teacher or student attitudes toward science. 
These lowest-ranked problems included that science activi­
ties were often messy or noisy which can produce problems to 
teacher, custodian or principal alike. Experiments not 
working or being seasonal were acceptable inconveniences 
seldom marked on the survey. Concern over liability or ac­
cidents was not a serious impediment. If not always in the 
desired quantities, books were available in sufficient quan­
tities to keep this a minor impediment. Teachers did not
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seem hindered by the beliefs that science was not important, 
or as important as other subjects and ranked these impedi­
ments low. If true, however, these last two statements 
would seem contradictory to the finding noted in the middle 
group of impediments that there was no time to teach after 
teaching basics or enrichment areas.
An unprofessional teacher attitude was not considered a 
problem by teachers. Material presented later in this chap­
ter, however, shows teacher attitude was considered a prob­
lem by non-teacher groups. Notably, not one teacher indi­
cated that students in the elementary grades not liking sci­
ence was an impediment to teaching elementary science.
Impediments Determined in South-Central Minnesota Based on 
the NSF/Borchardt Survey: Survey 2
The second survey device utilized in this research was 
a revised NSF survey originally used nationwide in 1977. 
Teachers at 16 workshops responded to 18 impediments origi­
nally generated by various knowledgeable professionals in­
cluding teachers, science educators, and others. Therefore, 
these impediments did not represent strictly a teacher-based 
perspective of problems as did the first survey device.
These impediments were analyzed for three different 
grade categories, K-3, 4-6, and K-6. As evidenced by the
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survey results for these groupings, the seriousness of a 
problem may vary with the grade level taught.
Impediments in Grades K-3: Survey 2 
Top-Ranked One-third of Impediments, K-3: Survey 2
The top-ranked one-third of impediments in grades K-3 
determined using Survey 2, which was not solely teacher­
generated are presented below.
Top-Ranked Impediments, K-3, Survey 2:
1. Insufficient funds for purchasing equipment and 
supplies.
2. Lack of materials for individualizing instruction.
3. Lack of teacher planning time.
4. Not enough time to teach science.
5. Inadequate facilities.
6. Belief that science is less important than other 
subjects.
In the lower grades, K-3, inadequate money, time, and 
facilities were the top-ranked problems. There were insuf­
ficient funds to purchase materials; not enough materials 
for individualizing instruction; not enough time to plan or 
teach adequately; and the facilities, usually normal class­
rooms often without sinks or water or convenient electrical 
outlets, were not conducive to teaching science. Also, 
teachers felt science was less important at this level than 
at the 4-6 grade level. This finding was supported in the
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review of the literature cited earlier that time spent 
teaching science increases with elementary grade level.
Middle-Ranked One-third of Impediments, K-3: Survey 2
The middle-ranked one-third of impediments in grades 
K-3 determined using Survey 2, which was not solely teacher­
generated are presented below.
Middle-Ranked Impediments, K-3, Survey 2:
7. Out-of-date teaching materials.
8. Teachers inadequately prepared to teach science.
9. Inadequate articulation of instruction across grade 
levels.
10. Lack of teacher interest in science.
11. Inadequate student reading abilities.
11. Class sizes too large.
13. Inadequate diversity of science electives.
The middle grouping of impediments, perceived to be only 
moderate problems included out-of-date teaching materials, 
inadequate subject background, lack of teacher interest in 
science, articulating across grade levels, inadequate read­
ing ability, large class sizes, and insufficient diversity 
of electives. Out-of-date materials was again a financial 
problem as was class size, but the other impediments were a 
conglomerate of teacher background, interest, and communica­
tion. Articulation across grade levels was only a moderate 
problem in the lower grades perhaps because less science is
115
taught in the lower grades and therefore, communication of 
what has been taught is less of a problem. Science assign­
ments in the lower grades are normally not given as reading 
assignments which may explain the moderate ranking of read­
ing as an impediment in the lower grades. Class sizes 
seemed to be at acceptable levels.
Lowest-Ranked One-third of Impediments, K-3: Survey 2
The lowest-ranked one-third of impediments in grades 
K-3 determined using Survey 2, which was not solely teacher 
generated are presented below.
Lowest-Ranked Impediments K-3, Survey 2:
14. Compliance with Federal regulations.
15. Insufficient numbers of textbooks.
16. Low enrollments in science courses.
17. Lack of student interest in science.
18. Difficulty in maintaining discipline.
The group of lowest-ranking problems at the K-3 level 
included complying with Federal regulations, insufficient 
numbers of textbooks, low enrollment, lack of student inter 
est, and maintaining discipline. These areas did not exhib 
it much commonality. Maintaining discipline was rated a 
serious problem by only one teacher. Elementary students 
apparently are interested in science since only one teacher 
in 112 rated this a serious problem in grades K-3.
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Impediments in Grades 4-6: Survey 2
In the upper grades, 4-6, a different set of problems 
is manifest.
Top-Ranked One-third of Impediments, 4-6: Survey 2
The top-ranked one-third of impediments in grades 4-6 
determined using Survey 2, which was not solely teacher­
generated are presented below.
Top-Ranked Impediments, 4-6, Survey 2
1. Inadequate facilities.
2. Lack of materials for individualizing instruction.
3. Insufficient funds for purchasing equipment and 
supplies.
4. Lack of teacher planning time.
5. Teachers inadequately prepared to teach science.
6. Not enough time to teach science.
Inadequate facilities and two financial problems, (a) 
lack of materials for individualizing and (b) insufficient 
funds, were rated the most serious problems. Also in the 
top-ranked problems was a lack of time to plan and organize 
properly and a heightened awareness on the part of teachers 
of a deficiency in their science background. The inadequate 
science background of teachers apparently increases as a 
perceived problem in the upper grades as the science mater­
ial taught becomes both more prevalent and more complex.
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Middle-Ranked One-third of Impediments, 4-6; Survey 2
The middle-ranked one-third of impediments in grades 
4-6 determined using Survey 2, which was not solely teacher­
generated are presented below.
Middle-Ranked Impediments, 4-6, Survey 2:
7. Inadeguate student reading abilities.
8. Inadequate articulation of instruction across grade 
levels.
9. Belief that science is less important than other 
subjects.
10. Out-of-date teaching materials.
11. Lack of teacher interest in science.
12. Class sizes too large.
Middle-ranked problems included inadequate time to teach 
science, a problem in priorities probably related to the 
finding that science was not considered a "basic", nor was 
it as important as other subjects. As reading skills im­
prove, more subjects and materials are presented in the form 
of reading assignments, and perhaps as a result of this 
practice, reading moved up the list of problem rankings in 
the upper grades. Again, as time relegated to teach science 
increased with grade level, the problem of articulating 
across grade levels increased in severity. There apparently 
was more of a recognition of the importance of science in 
the upper grades, reflected in the increased time allotted 
to teaching science, as reviewed in the literature, and also
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the decrease in rank from sixth in grades K-3 to ninth in 
grades 4-6 on Survey 2. Materials apparently were more up 
to date in the upper grades, probably because the expendi­
ture for science increased with grade level as noted in 
Chapter 2. Lack of teacher interest in science was still a 
moderate problem that changed little over grade level.
Class size was somewhat a problem but not a major hindrance 
in the upper grades. Weiss (1977) reported class sizes to 
be 24 in grades K-3 and 26 in grades 4-6.
Lowest-Ranked One-third of Impediments, 4-6: Survey 2
The lowest-ranked one-third of impediments in grades 
4-6 determined using Survey 2, which was not solely teacher 
generated are presented below.
Lowest-Ranked Impediments, 4-6, Survey 2:
13. Inadequate diversity of science electives.
14. Lack of student interest in'science.
15. Insufficient numbers of textbooks.
15. Low enrollment in science courses.
17. Difficulty in maintaining discipline.
18. Compliance with Federal regulations.
The items causing the least problems in the upper 
grades were the lack of diversity of electives, low enroll­
ment in courses, insufficient textbooks, lack of student 
interest, maintaining discipline, and compliance with Feder
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al regulations. Again, discipline was not ranked a signifi­
cant problem but was ranked more of a problem in the upper 
grades. This problem could possibly be explained by the 
research finding that student interest in science begins to 
decline somewhat by the upper elementary grades, or perhaps 
this was just an indication of behavior changes in older 
students. Student interest in science was not rated a ser­
ious problem but did increase almost fourfold as somewhat a 
problem in the upper grades compared to grades K-3. Still 
only four teachers of 105 indicated this to be a serious 
problem.
Impediments in Grades K-6: Survey 2
When considered for all grades K-6, some of the finer 
distinctions in problem rankings become lost, but since this 
is the more common research grouping in other reported re­
search, the NSF/Weiss study being an exception, comparisons 
are more easily made in this format. The ranking of impedi­
ments determined in south-central Minnesota for all grades 
K-6 using Survey 2, the NSF/Borchardt questionnaire are:
1. Lack of materials for individualizing instruction.
2. Inadequate facilities.
3. Insufficient funds for purchasing equipment and 
supplies.
4. Lack of teacher planning time.
5. Not enough time to teach science.
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6. Teachers inadequately prepared to teach science.
7. Belief that science is less important than other 
subjects.
8. Inadequate articulation of instruction across grade 
levels.
9. Out-of-date teaching materials.
10. Inadequate student reading abilities.
11. Lack of teacher interest in science.
12. Class size too large.
13. Inadequate diversity of science electives.
14. Insufficient numbers of textbooks.
15. Compliance with Federal regulations.
16. Low enrollments in science courses.
17. Lack of student interest in science.
18. Difficulty in maintaining discipline.
When analyzed for all grades K-6, a shortage of money 
and inadequate facilities were perceived as the most serious 
problems, followed by insufficient time to prepare for or 
teach science, and a deficiency in academic preparation on 
the part of teachers.
Middle-ranked problem areas were related to the impor­
tance assigned to the teaching of science, communicating 
what science had been covered to other staff members, out- 
of-date teaching materials, student reading abilities, and
class size.
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The least significant impediments are of interest pri­
marily because they are relatively non-problems. These in­
cluded sufficient numbers of textbooks, compliance with Fed­
eral regulations, enrollment in science courses, arousing or 
maintaining student interest in science, and maintaining 
discipline.
Differences in Impediment Rankings Using the NSF Forms
For this researcher, the primary value of these imped­
iment surveys was to establish the perceived seriousness of 
impediments in south-central Minnesota, so that efforts may 
be made to reduce the effect of these barriers and hence 
improve elementary science teaching in the service area of 
Mankato State University. Although this is a regional study, 
changes in ranking between this 1986 data and the 1977 na­
tionwide NSF/Weiss survey are also of interest and are 
presented here.
Several impediments changed at least three ranks be­
tween the two surveys. At the K-3 level not enough time to 
teach science increased as a perceived problem, moving from 
sixth to third rank. Inadequate facilities dropped from 
first to fifth and out-of-date teaching materials moved up 
four rankings from eleventh to seventh. Teachers perceived 
themselves as better prepared to teach science, articulated 
across grades less well, and had less problems with disci­
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pline. Problems caused by inadequate reading ability were 
decreased.
In the upper grades, 4-6, teachers viewed themselves as 
less adequately prepared to teach science (increased in 
ranking from 10th to 5th), student reading ability was less 
of a problem (decreased from third to seventh), and fewer 
teachers believed science was less important than other sub­
jects (decreased three ranks from sixth to ninth). While 
speculation is possible, it is not possible to determine 
precisely if the changes detected between the two NSF sur­
veys were produced by the passage of almost a decade between 
the two surveys, sampling error influenced by the smaller 
NSF sample of teachers drawn from the area covered in great­
er depth on this study, or if the changes simply reflected 
regional differences.
With this caveat in mind, it would seem that in this 
region of south-central Minnesota, lower-grade teachers in­
dicated time pressures have increased and that facilities 
were less of a problem, while out-of-date materials were 
more of a problem. Articulation across grade levels was 
less of a problem as were student discipline and reading 
ability. Lower-grade teachers felt less deficient in their 
science background, while the opposite was true in the upper 
grades. The upper-grade teachers recognized more of an im­
portance of teaching science and felt the students had bet­
ter reading skills.
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Recommendations for Reducing Impediments 
to Teaching Elementary Science
In light of the literature reviewed and the findings of 
this study the following recommendations are proposed for 
reducing impediments and improving the teaching of elemen­
tary science.
Time Demands
Preparation periods should be scheduled as part of the 
teaching day in elementary schools. This would increase the 
time available for teachers to prepare science lessons; work 
on curriculum; and survey, order, setup, or clean up science 
materials, many of the areas rated as serious problems. Es­
tablishing science as a "basic" and reassessing teaching ac­
tivities in light of this would allow more time to teach 
science and reduce many of the impediments currently exist­
ing .
Equipment, Supplies, Budget
Recognition of the importance of science and reassess­
ing school budgets based on this need should alleviate sev­
eral problems with equipment and supplies. Adequate and 
specific budgets for science could help in some situations 
where personal negative bias influences withholding money 
from science. Less reliance on textbooks and more locally
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developed curriculum materials would reduce both the expend­
itures for and insufficiency of textbooks. In addition, 
many science items could be made, rather than purchased, 
further reducing expenditures. These last recommendations 
become more feasible if planning time is increased as recom­
mended previously. Money budgeted to purchase items as 
needed during the year rather than a year in advance in­
volves an administrative change but could facilitate the 
teaching of elementary science.
Facilities and Space
Problems with facilities and space, as the previous sec­
tion, are at least partially related to the priority as­
signed to science. Increased priority could result in rooms 
designed and built with more sinks, and more accessible 
storage that permits convenient storage of science equipment 
or modules.
Consultant Help
Principals were noted as the primary source of instruc­
tional help by elementary teachers, yet data obtained by the 
NSF/Weiss study indicated most principals majored in read­
ing/ language arts or social studies, not science, and about 
one-fifth felt unqualified to supervise science. Factors 
such as this may be contributing to the low priority princi­
pals assign to science (Andrew, 1980) and the subsequent
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problems cited above. A possible remedy would be providing 
better trained sources of assistance by increasing the a- 
vailability of state and district science consultants, found 
by Weiss (1978) to be used by only 20% of the teachers.
Science Background
Several changes could produce improvements in science 
background. Since research reveals college science is sel­
dom elected by elementary education majors, university cur­
ricula need to insure that a balanced background of relevant 
science and method courses are taken before graduation. At 
the same time the college science courses required should be 
reassessed to determine that they meet the needs of the ele­
mentary teachers as well as the desires of the science de­
partments. Science departments could implement this goal by 
employing science educators well versed in both science and 
education to work with elementary education and other non­
science majors. Science labs in many cases may need to be 
redesigned to offer more experience in inquiry and discovery 
learning rather than cookbook laboratory experiences. Ele­
mentary science methods courses, also cited as a problem 
area, could reinforce science experience in these inquiry 
and discovery methods and provide more experiences directly 
applicable to the elementary classrooms. These methods 
courses could act as useful vehicles to provide experience 
with the curricular materials and methods developed by AAAS
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and NSF. Understanding and acceptance by all concerned par­
ties, college science and methods teachers and college edu­
cation majors, of the differing orientations toward people 
and data of the science and non-science major could help 
alleviate animosities on all sides, reduce the preservice 
elementary teachers' anxieties, and perhaps ultimately im­
prove the elementary teachers' attitudes toward science.
Until more conclusive evidence on the biological aspect 
of sex bias, as discussed later, is determined, the cultural 
aspect resulting in a reduced science background in girls 
needs to be addressed. Kahle (1983) concluded teachers that 
successfully encourage girls in science:
Maintain well-equipped, organized, and perceptually 
stimulating classrooms.
Are supported in their teaching activities by the par­
ents of their students and are respected by current and 
former students.
Use non-sexist language and examples and include infor­
mation on women scientists.
Use laboratories, discussions, and weekly quizzes as 
their primary modes of instruction and supplement those 
activities with field trips and guest speakers.
Stress creativity and basic skills and provide career 
information. (p. ii)
Conversely, factors that discourage girls in science in­
clude :
t
High school counselors who do not insist on further 
courses in science and mathematics.
Lack of information about science-related career oppor­
tunities and the prerequisites for them.
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Sex-stereotyped views of science and scientists which 
are fostered by texts, media, and many adults.
Lack of development of spatial ability skills, which 
might be fostered in shop and mechanical drawing 
classes.
Fewer experiences with science activities and equipment 
which are stereotyped as masculine (mechanics, elec­
tricity, astronomy). (p. iii)
These issues of science background and negative bias 
need to be addressed starting in elementary school in an 
attempt to promote an increased positive attitude toward the 
teaching of science in the next generation of elementary 
teachers.
Inservice Education
Several findings point out the continued importance of 
inservice education. Helgeson et al. (1977) noted that no 
preservice program can adequately prepare teachers. As 
noted in the literature review, tenured elementary teachers 
tend not to return to college. The 1977 NSF/Weiss research 
showed the average elementary teacher had taught about 12 
years, implying a continual turnover of elementary teachers. 
The net effect of these two factors can be a decrease in use 
or total abandonment of programs such as those developed by 
AAAS or NSF in the 1960's unless colleges or inservice pro­
grams continually renew the dissemination of these mater­
ials.
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Inservice education in science increased greatly while 
funded by AAAS and NSF during the 1960's and 1970's pro­
ducing a significant but perhaps only transitory impact. 
Weiss (1978) reported that inservice education is the pri­
mary vehicle most teachers use to obtain new information. 
Because of a decline in the number of new teachers gradu­
ated, elementary school staff reductions, and the tendency 
cited of tenured elementary teachers not to return for addi 
tional college courses, inservice activities need to be an 
ongoing activity not a one-time approach. In light of data 
that the average elementary teacher has taught 12 years, 
most teachers previously trained in these newer science pro 
jects are no longer teaching and more recent graduates may 
never have been exposed to these materials. Colleges and 
school districts need to continue and perhaps increase ef­
forts at improving elementary science teaching through in- 
service education.
Problems to Consider and Recommendations
This study revealed several areas that need to be con­
sidered and addressed in future research. These areas are 
presented in the following sections.
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Form Effect and Question Selection
The somewhat different results obtained by using a 
strictly teacher-generated survey, Survey 1, as contrasted 
to a survey devised by consultation of various concerned 
professionals, Survey 2, indicates the form used in survey­
ing can affect the results obtained.
When viewed from a strictly teacher-perceived perspec­
tive (Survey 1) adequate time to prepare, assemble, clean 
up, teach all subjects and develop teaching units dominated 
as problem areas. Incomplete or inadequate equipment ranked 
high (second), while space to keep materials conveniently or 
facilities suitable to leave materials set up ranked sixth 
and eighth. The top ten K-6 impediments from a strictly 
teacher-derived perspective (Survey 1) are:
1. Inadequate time to assemble, set up, clean up lab 
exercises.
2. Prep time inadequate.
3. Equipment is incomplete or inadequate.
4. Not enough time to teach all units in a year 
(safety, ecology, etc.).
5. No time to develop units.
6. Space not available to leave materials set up 
until another day.
6. Inadequate time to develop units.
8. Equipment not in a nearby, convenient, or central 
location.
9. Inadequate money to purchase supplies.
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10. Teachers lack adequate subject background.
When viewed from the "expert committee" derived impedi­
ment list of the NSF/Borchardt questionnaire, lack of mater­
ials to individualize instruction was primary, followed by 
inadequate facilities and a lack of sufficient money for 
science. Time to plan for and teach science, top-ranked 
problems by the first approach are only ranked fourth and 
fifth. The top ten K-6 impediments from this non-strictly 
teacher-derived listing (Survey 2) are in order:
1. Lack of materials for individualizing instruction.
2. Inadequate facilities.
3. Insufficient funds for purchasing equipment and 
supplies.
4. Lack of teacher planning time.
5. Not enough time to teach science.
6. Teachers inadequately prepared to teach science.
7. Belief that science is less important than other 
subjects.
8. Inadequate articulation of instruction across grade 
levels.
9. Out-of-date teaching materials.
10. Inadequate student reading abilities.
These divergent results were obtained from the same 
area of south-central Minnesota during the same teaching 
year. This variation in results obtained from the same pop­
ulation at nearly the same time implies that more care must
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be exercised in developing, using and reporting the results 
of seemingly comparable surveys and lead the researcher to 
question results published in other works previously con­
sidered reliable.
Research results reported in various studies were com­
monly compared and used to indicate the persistence of, or 
changes in impediments occurring over time or in different 
regions. Blackwood's (1965) impediments represented the 
"principal's perspective" of impediments while the conclu­
sion of Helgeson et al. (1977) that impediments remained 
about the same from 1955 to 1975 was based on several dif­
ferent perspectives, and the NSF/Weiss (1978) survey re­
flected teachers perceptions of "expert committee"- derived 
impediments. Impediment rankings on this study were found 
to be different if different survey devices were used, even 
without variations in populations or time.
If strictly comparable results are to be achieved, it 
would seem imperative from this study that exact duplication 
of forms and methods is more of a requirement than might 
previously have been thought, and longitudinal studies based 
on duplication of survey forms and survey methods would be 
more productive than using apparently equal but perhaps ef­
fectively different research devices.
Another commonly reported statistic in several studies 
was the amount of time devoted to teaching science. This 
researcher believes these reported times may possibly be
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overstated in the research previously collected. This 
statistic is commonly derived oy as<ing (a) "how many min­
utes per day do you spend teaching science?". This re­
searcher found that the data derived should then be cor­
related with (b) "how many days per week do you teach sci­
ence?" and (c) "what part of a year do you teach science?" 
to arrive at a valid time estimate.
Data from a one-page personal data sheet (Appendix A) 
used by the workshop directors to gather information about 
workshop participants were made available to this research­
er. This form included questions (a) "how many minutes per 
day do you spend teaching science?" and (c) "what part of a 
year do you teach science?". While studying the data, this 
researcner noted many schools commonly teach science only 
one-half or one-third of a year, while others teach sci­
ence all year. Yet all might report the same figure for 
time spent teaching science per day, leading to a possible 
overstatement of time per week arrived at by extrapola­
tion. Additionally, after discussing these reported teach­
ing times with workshop participants, this researcher deter­
mined that a common practice in elementary schools is to 
teach science and social studies for equal times on alter­
nate days. Again, the question of time spent teaching sci­
ence "per day", rather than "per week" can produce an over­
estimation and lead to erroneous conclusions. More care may
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need to be exercised in future research to arrive at accu­
rate estimates of science teaching times.
Teacher Perceptions versus Others1 Perceptions
As discussed earlier, this research indicates that the 
survey form used affects the results obtained by a survey.
A second factor influencing survey results is that different 
groups may view the same problem differently. Agreement 
about a problem among groups lends support to all the re­
sults, while disparity of results casts doubt on the result 
that is at variance. This is illustrated by five areas re­
searched in this study, two lending support by agreement and 
three detracting by the disagreement of results.
The NSF/Weiss survey reported 26% of the elementary 
teachers rated "inadequate facilities" to be a serious prob­
lem, ranking third of 18 impediments. Similar results were 
obtained on the NSF/Weiss surveys of principals and district 
program respondents. This agreement of results from three 
groups with differing perspectives reinforces the finding 
that inadequate facilities are indeed a serious problem at 
the elementary level.
"Lack of adequate planning time" was another area of 
agreement. On this survey, 28% of the teachers rated this a 
serious impediment. On the Weiss 1977 survey 20% of the 
teachers, 25% of the principals, and 26% of the state super­
visors alike rated this as serious. Again, this agreement
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from different perspectives lends credence to this finding 
that inadequate planning time is a serious problem.
By contrast, other areas may be greater or lesser prob­
lems than indicated from a single perspective such as the 
teacher-based survey. The "belief that science is less im­
portant than other subjects" was not indicated to be a ser­
ious problem by teachers. Only 5% on the current survey and 
7% on the 1977 NSF/Weiss study rated this a serious problem. 
However, principals and state supervisors on the NSF/Weiss 
study perceived this as a much greater problem than did 
teachers (about 25% and 50% respectively).
Likewise "lack of teacher interest" was marked as a 
serious impediment by only 3% on the current study and 4% on 
the NSF/Weiss but was considered a more serious problem in 
K-6 science on the NSF/Weiss surveys of principals and dis­
trict program respondents. About 20% of the K-3 principals 
rated this as serious and almost 50% of the state supervi­
sors considered lack of teacher interest a serious problem 
in both K-6 science and K-6 math. The incongruity of these 
results suggests teachers have underestimated the severity 
of these impediments to teaching elementary science. There­
fore, the belief that science is less important than other 
subjects, ranked seventh, and lack of teacher interest, 
ranked eleventh, may be greater impediments than indicated 
by teachers on this survey.
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A third area of discrepancy in perceptions revealed by 
these surveys related to a "lack of background in science". 
Only 6% of the teachers on the present teacher study rated 
this as serious. The 1977 NSF/Weiss study reported 82% of 
the elementary teachers perceived themselves as adequately 
qualified to teach science. However, this impediment ranked 
first as a problem area on the study of state principals by 
Fitch and Fisher in 1979. Also, results of the 1977 NSF/ 
Weiss teacher survey showed principals (29%), district pro­
gram respondents (19%), and state supervisors (51%) all be­
lieved this was a serious impediment. These discrepancies 
and the researcher's past experience as a student teacher 
supervisor and professor again suggest teachers may have un­
derestimated the seriousness of this lack of science back­
ground and its impact on the teaching of elementary science.
Underlying Causes of Impediments:
Work Selection and Sex Bias
This researcher feels two other areas which have not 
been adequately addressed in past research underlie many of 
the impediments studied and may have a profound effect on 
understanding and then reducing impediments to teaching ele­
mentary science.
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Work Selection
First, is the recognition that a negative bias toward 
science and teaching science does and will to some extent 
continue to exist and influence elementary school teachers 
because of their personality and work environment character­
istics. Holland's (1959) theory of work environments and 
job skills indicates that vocational achievement and satis­
faction depend on the congruence between the personality and 
the work environment of that person. The world of work by 
this widely accepted theory consists of six distinct envi­
ronments. Success and fulfillment in science requires 
essentially a data/things orientation while elementary 
teaching requires more of a "people" orientation, antithet­
ical to many of the requirements for success in science. 
Williamson's trait/factor theory of vocational choice and 
Roe's personality theory of career choice agrees with 
Holland's work in this area.
The divergence of this people versus subject/data ori­
entation is illustrated by Fox's (1961) study of factors 
influencing the career choice of prospective teachers. 
Ninety-nine percent of the elementary teachers reported 
significant influence from a desire to work with children 
(people), and 73% from experience working with youngsters 
(people). In contrast only 20% were significantly influ­
enced by liking a particular subject (data/thing), and 55%
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reported this subject (data/thing) had little influence in 
their career choice. Thus, to the extent that these theo­
ries are valid, and these differing job/personality con­
flicts exist, a compromise between the expectations of both 
of the areas, science and elementary education may be re­
quired to arrive at a satisfactory balance.
Sex Bias
Secondly, besides a personality/work environment con­
flict, a pattern of sex bias whether cultural or inherited, 
seems to be evident in the literature. Greenblatt (1962) 
concluded boys show a significant (.01 level) preference for 
science and girls for music in grades three, four, and five. 
Kahle in a 1983 study by the National Association of Biology 
Teachers, sponsored by the NSF, reported few women are em­
ployed as scientists or engineers and studies produced ex­
planations ranging from differences in ability, resulting 
from a sex-linked gene, to differences in early childhood 
toys and games.
One analysis showed a dramatic decline of positive at­
titudes toward science as girls mature. Whether for soci­
etal, personal, or educational reasons, the research indica­
ted girls "continue to score below the national mean on all 
cognitive science items and to express negative attitudes 
toward science" (Kahle, p. 4). Kelly (1984) noted that by
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secondary school, boys had a preference for physical science 
and girls for natural science.
Victor (1961) surveyed 117 elementary teachers in 
Illinois and found almost unanimous agreement that "males 
were better suited to teach science than females" (p. 19). 
Czerniak and Chiarelott (1984) concluded, "Feelings, partic­
ularly anxiety, toward science and science-related topics, 
are significantly sex-related. Differences on anxiety to­
ward science exist with females being more anxious than 
males" (p. 25) and "Females at grade four already display 
more anxiety toward science than do males" (p. 25.). G. 
Erickson and L. Erickson (1984) wrote there was "increasing 
evidence that the achievement level of girls and women in 
science are considerably below their male counterparts" (p. 
63) but did not identify biological or socio-cultural rea­
sons. Other recent studies (Main, 1973; Lawson, 1975; R. 
Cohen & M. Cohen, 1980; Baker, 1984; and Thomas, 1986) also 
point to the significant influence of this factor on subject 
and career choice, success and enjoyment.
These findings, noting a negative female bias exists 
regarding science, while not stating a biological or socio­
logical cause, would be of only minor interest to this study 
if it were not for the 1977 NSF/Weiss statistic that 96% of 
the K-3 teachers and 74% of the 4-6 teachers were female.
If these biases do indeed exist, this area needs to be in­
vestigated in future research as a possible root cause
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underlying several impediments studied, and these biases 
need to be addressed and reduced wherever possible. Areas 
potentially influenced by these biases include teacher at­
titudes regarding the importance of teaching science and the 
necessity of obtaining an adeguate science background.
Continuation of Current Research
In addition to consideration of form effect, problem 
perception, and sex bias, several other areas for future 
investigation are suggested by the findings of this study. 
This researcher plans to continue his research in impedi­
ments to teaching elementary science by further investiga­
tions of the correlations between many of the items on 
Survey 2. These include relationships between the time 
spent teaching science; size of school; years taught; sex; 
perception of science background; and the adequacy of equip­
ment, facilities, and budgets. Data collection from other 
parts of Minnesota and other states needs to be conducted to 
obtain results applicable to wider areas. Finally, the re­
searcher plans to continue his two-year collection of data 
comparing the high school and college science backgrounds of 
education versus non-education majors and the Piaget stage 
attained by each of these groups. These areas of research 
may provide additional information on ways to reduce impedi­
ments to teaching elementary school science.
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Summary of Findings
Impediments to teaching science in elementary schools 
of south-central Minnesota were identified using two survey 
devices. The impediments and their relative importance as 
perceived by the teachers surveyed were found to vary with 
both the grade level taught and the survey instrument used.
Using a teacher-generated form consisting of 43 items, 
the top impediments in grades K-6 included inadequate time 
to assemble, set up, and clean up lab exercises; inadequate 
time to prepare lessons or to develop new units; and inade­
quate time to teach all school subjects in a year. Addi­
tionally, science equipment was often incomplete or inade­
quate .
Impediments in grades K-3 and 4-6 were also determined 
by -the use of a shortened version of a 1977 NSF survey of 18 
items cooperatively generated by various knowledgeable pro­
fessionals. The top-ranked impediments in the lower grades 
(K-3) included insufficient funds to purchase science equip­
ment, insufficient materials to individualize science activ­
ities, lack of time to plan for or teach science, inadequate 
facilities, and notably the belief of K-3 teachers that sci­
ence was less important than other subjects.
In the upper grades (4-6) inadequate facilities, inade­
quate materials for individualizing science, and inadequate 
funds to purchase science equipment were major impediments.
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Insufficient time to (a) plan lessons or teach all expected 
school subjects and (b) teachers inadequately prepared to 
teach science were also top-ranked problem areas in the up­
per grades.
Perhaps of equal importance, since they suggest areas 
not needing major corrective efforts, were items rated as 
only minor impediments. On Survey 1, the teacher-generated 
survey, these minor impediments related to danger, liabil­
ity, or inconvenience encountered while performing science 
activities. Teachers' attitudes that science was unimpor­
tant or that students disliked science were also perceived 
by teachers as only minor impediments.
On Survey 2, the cooperatively-generated form, the 
least serious impediments related to the number of textbooks 
available, compliance with Federal regulations, enrollment 
in science courses, student interest in science, and dis­
cipline .
Comparison of current results to those obtained on the 
1977 NSF survey showed that 6 of 18 impediments in grades 
K-3 and 12 of 18 impediments in grades 4-6 were not signif­
icantly different in the number of teachers considering them 
to be a problem, even though almost 10 years had elapsed 
since the original study.
Several areas needing improvement to increase the quan­
tity and quality of science in elementary schools were indi­
cated. These included:
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-Tempering teaching demands made on elementary teachers 
and the inclusion of preparation periods to plan, to 
survey and order equipment, and to set up or clean up 
science activities.
-Constructing schools designed to facilitate science 
teaching with adequate sinks, with space to set up ma­
terials in advance or leave activities set up for later 
investigation, and with sufficient and accessible stor­
age areas for science materials.
-Incorporating science as a "basic" subject with ade­
quate and specific budgets for science equipment and 
supplies.
-Increasing the availability and utilization of trained 
science consultants at building, district, and state 
levels.
-Requiring science-background courses for prospective 
elementary teachers and on-going rather than one-time 
inservice education through university and district 
programs.
-Alleviating science anxiety and negative sex bias.
-Recognizing that three impediments (a) the belief that 
science is less important, (b) lack of teacher interest 
in science, and (c) lack of teacher background in sci­
ence may be more serious than rated by teachers.
-Conducting longitudinal studies of impediments using 
the same survey devices in order to minimize form ef­
fect and to facilitate valid comparisons of results.
The research also indicated several areas needing clos­
er investigation in future research. These included (a) the 
effect of the survey form on results obtained, (b) percep­
tions of impediments by teachers versus perceptions by other 
groups, (c) sex bias, and (d) a conflict between the person­
ality and work environment needs of elementary teachers.
The latter two items, sex bias and personality/work environ­
ment conflict, are potentially major underlying impediments 
to the teaching of elementary science.
APPENDIX A
SURVEY INSTRUMENTS
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Survey 1
Social Security Number _____________________
"X" out the number of all items you feel significantly 
inhibit the teaching of science in your building. Next, go 
back and circle the 5 items you feel inhibit the most.
(i.e. 1 ,  X '  3, *, . . . )
1. Prep time inadequate.
2. Not enough time to teach all units in a year (safety, 
ecology, etc.).
3. Inadequate time to assemble, set up, clean up lab 
exercises.
4. Inadequate time to teach after covering basic skills.
5. Time allotted not sufficient after scheduling around 
P.E., music, art, etc.
6. Inadequate time to survey and order equipment.
7. Teachers lack adequate subject background.
8. Experiments too dangerous.
9. Lack creative way to teach concepts.
10. Teachers don't like science.
11. Science not important.
12. Principal doesn't like mess or noise.
13. No time to develop units.
14. Science not as important as other subjects.
15. Custodians don't like mess.
16. Classroom layout not conducive (no sinks, etc.).
17. Lack activities children can do independently.
18. Activities are noisy.
19. Activities are messy.
20. Space not available to leave materials set up until 
another day.
21. Equipment not in a nearby, convenient, or central 
location.
22. Equipment too expensive.
23. Materials (books, filmstrips, etc.) outdated.
24. Lack storage space.
25. Lack books.
26. Inadequate or no curriculum guide.
27. Too difficult to get students to bring materials from 
home.
28. Equipment is incomplete or inadequate.
29. Inadequate money to purchase supplies.
30. Many experiments don't work.
31. Inadequate time to develop units.
32. Materials too difficult to locate or obtain.
33. Unprofessional attitude by teacher.
34. Liability for accidents too high.
35. Teachers feel uncomfortable with the subject.
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36. Not enough material for small group activities.
37. Seasons/conditions wrong in Minnesota (Can't grow 
plants in winter, etc.).
38. Animals too messy or too much bother.
39. Kids don't like science.
40. Class size too large.
41. Activities appropriate for grade level not available.
42. "Book learning" teaches more content and takes 
precedence over "hands on" learning.
43. Supplies must be purchased a year in advance and 
nothing can be purchased "as you go".
Please list other impediments to teaching science that you
nay be aware of:
A.
B.
C.
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Science Workshop Participants:
This is a follow-up survey to a National Science Foundation 
study conducted in 1977. It w ill allow us to note changes 
that have occurred since the original survey. Your prompt 
completion is needed to make the results of this survey 
comprehensive, accurate and timely.
Question 9, social security number, is optional, but helps in 
assessing the geographical coverage of the survey. Thank 
you for assisting in our study.
Completion of this survey should only take a few minutes!-
Surrey of Science, Mathematics and Social Studies Education
TEACHER QUESTIONNAIRE
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QUESTIONNAIRE
Section A: General Information
0. Lasc four digits of your Social Security Number -
(optional, but helpful)
1. How many years have you taught? _ _ _ _ _ _
2. Have you received one or more degrees beyond the Bachelor's?
(Circle one)
Ye............... 1
N o ............... 2
3. Indicate your sex:
H a l e .............1
Fem a l e.......... 2
4. Hany teachers feel better qualified to teach 3ome subject areas than others 
How qualified do you feel to ceach each of the following?
(Circle one on each line)
Not Well Adequately Very Well
Qualif ied Qua!if ied Qualified
a. Mathematics...............  1 . . . .  2 . . . .  3
b. S cience....................  1 . . . .  2 . . . .  3
c. Social S t u d i e s ..........  1 . . . .  2 . . . .  3
d. Reading....................  1 . . . .  2 . . . .  3
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(Please 3tart wich Quescion 0 on Page l)
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5a. How many different classes of 3tudencs do you teach in a cypicai week?
(Circle one)
On* c l a s s .................... I (CO TO Quescion 5b)
More than on* class. . . .  2 (GO TO Quescion 5c)
5b. (Teach one class)
How many minutes do you spend per week teaching each of Che following 
subject areas? Please wrice "0" if you do noc teach a particular subject 
to this class.
Approximate Humber of
Subject Minuces per Week
a. Mathematics minutes/week
b. Sc ience minuces/week
c. Social Studies minutes/week
d. Heading minuces/week
GO TO Quescion 6 in Section 3.
5c. (Teach more Chan one class)
For each class of students chac you teach, please indicate Che average 
number of minutes you spend per week teaching each of the following subject 
areas.
Approximate Humber of Minutes per Week
Subject Class l Class 2 Class 3 Class 4 Class 5 Class 6
a e Mathematics
b. Sc ience
c • Social Studies
d. Heading
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Section B: The Science Curriculum in your School
Questions 6 and 7 relate to the science curriculum in your school and your 
opinions about it.
6. The following factors may affect science instruction in your school as a whole.
In your opinion, how much of a problem i3 caused by each of the following?
(Circle one on each line)
Somewhat Mot a
Serious of a Significant 
Problem Problem Problem
a. Belief that science is less important
than other subjects...................................... 1 2 3
b. Compliance with Federal regulations.................. 1 2 3
c . Inadequate facilities.................................... 1 2 3
d. Insufficient funds for purchasing equipment
and suppl i e s ..................•.......................... 1 2 3
e. Lack of materials for Individualizing 
instruction................................................ 1 2 3
f. Out-of-date teaching materials ....................... 1 2 3
s- Insufficient numbers of textbooks.................... l 2 3
h. Lack of student interest in science.................. 1 2 3
i. Inadequate student reading abilities ............... 1 2 3
j- Lack of teacher interest in science.................. 1 2 3
k. Teachers inadequately prepared to teach science. . 1 2 3
i. Lack of teacher planning time. . .................... 1 2 3
m. Mot enough time to teach s c i e n c e .................... l 2 3
n. Class sizes too large................................... 1 2 3
Difficulty in maintaining discipline ............... 1 2 3
p* Inadequate articulation of instruction
across grade levels...................................... 1 2 3
<i- Inadequate diversity of science electives.......... 1 2 3
r. Low enrollments in science courses .................. 1 2 . 3
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Please indicate your needs regarding assistance from a science education 
resource person (e.g., a science coordinator, a consultant, or another 
teacher) for each of the following:
(Circle one on each line)
a.
b.
c.
d.
e.
f.
*•
h.
i.
i -
It.
1.
D.
Usually 
Do Not Need 
Assistance
Would Like 
Assistance 
But Receive 
Little or None
Would Like 
Assistance 
and Receive 
Adequate 
Assistance
Establishing instructional 
objectives ...............................
Lesson planning.........................
Learning new teaching methods. . . .
Actually teaching lessons.............
Obtaining information about 
instructional m a t erials...............
Obtaining subject matter 
information...............................
Implementing discovery/inquiry 
a p p r o a c h .................................
Using manipulative or hands-on 
mat e r i a l s .................................
Maintaining equipment..................
Working with small groups of 
students .................................
Maintaining discipline ...............
Articulating instruction across 
grade levels ............................
Maintaining live animals and 
plants ....................................
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
1 2 3
l 2 3
1 2 3
1 • 2 3
1 2 3
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Section C: Your Science Teaching
The remaining questions relate to your science ceaching.
3. Please indicate the number of students in each of the following grade 
levels you teach:
-5-
K 1 2 3 4 5 6
9. The ability makeup of this class is best described by which of the following? 
(Comparison should be with the average student in the grade.)
(Circle one)
Composed primarily of high ability students ............. I
Composed primarily of low ability students...............  2
Composed primarily of average ability students
or students of widely differing ability levels..........  3
10. Indicate the kind of room you use to conduct thi3 class.
(Circle one)
Laboratory or special science room.........................  I
Classroom with portable science kits or materials . . .  2
Classroom with no science facilities or materials . . .  3
11. How does the amount of time spent on science in this class compare to che 
amounc of time spent on science in a similar class 3 years ago?
(Circle one)
I did not teach this grade level 3 years ago............. 1
More time is spent on science n o w .......... ..............  2
About the same amount of time is spent on science now
as 3 years ago................................................... 3
Less time is spent on science now 4
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12. In general, how would you race each of che following for teaching science 
co this c l a s s ? If any do noc apply Co this class, please circle 1,
"Noc Relevant co this Class."
a.
b.
c.
d.
e.
f.
5 *
h.
(Circle one on each line)
Noc Relevanc Very Sacis- Improvement
CO This Class Good faccorv Needed
Facilicies-building and
classroom fixtures ....................... 1 . • . . 2 . . 3 . 4
Equipmenc-nonconsumable, nonperishable 
icems such as microscopes, scales, ecc. 1 . . • . 2 . . 3 4
Supplies-macerials chac muse continually 
be replenished such as chemicals, dry 
cells, glassware, duplicating 
masters, e c c ................................ 1 . 2 . . 3 . . 4
Money co buy supplies on a 
day-co-day basis ......................... 1 .  . • . 2 . . 3 . . 4
Storage space for equipment and 
supplies ................................... 1 • • . . 2 . . 3 . . 4
Space available for claserooa 
preparation. .............................. 1 • • . . 2 . . 3 . . 4
Spaces for small groups co work. . . . 1 • • • . 2 . . 3 . . 4
Availability of laboracory aasiscancs 
or paraprofassional help ............... 1 . 2 . . 3 . . 4
13. For che following audio-visual materials, please indicate how ofcen each is 
used in chis science class. For chose chac you do noc use, circle eicher 1,
"Don'c Use and Noc Needed" or 2, "Needed 3uc Noc Available.”
(Circle one on each line)
Science Uses Don't Use and Needed 3uc 
Per Month Noc Needed Noc Available
a. F i l m s ......................................  1 . . .  2
b. Filmstrips.................................  1 . . .  2
c. Film loops.................................  1 . . .  2
d. T a p e s ......................................  1 . . .  2
e. Slides......................................  1 . . .  2
f. R e c o r d s ...................................  1 . . .  2
g. Overhead p r o j e c c o r s ....................  1 . . .  2
h. Standard T V ..............................  1 . . .  2
i. Closed circuit T V ....................... 1 . . .  2
j. Videocape r e c o r d e r / p l a y e r ..............  1 . . . 2
THANK YOU FOR YOUR COOPERATION!
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Personal Data Sheet for Participants
2 .
4.
6 .
7.
1 .
Last Name First Name Middle Initial
_________________________  3. ____________________
Social Security Number Home Phone Number
____________________ 5._______________________________
Name of School Name of Community Zip Code
_______ Public School or ________ Private School
____________________________  8. ____________________
Principal's Name School Phone Number
9. Number of teachers in your school building (check one).
(1) ____ fewer than 4 teachers
(2) ____ 4-7 teachers
(3) ____ 8-14 teachers
(4) ____ 15-21 teachers
(5) ____ 22 or more teachers
10.
11.
Grade levels in your building (check each grade level 
included in your building).
(0) Kindergarten (1) 1st grade
(2) 2nd grade (3) 3rd grade
(4) 4th grade (5) 5th grade
(6) 6th grade (7) 7th grade
(8) 8th grade
Please indicate which of the following best de
when you teach elementary science.
(1) all year (2) 1/2 year
(3) 1/3 year (4) 1/4 year
(5) other (specify)
12. Please estimate the time that you typically spend
teaching elementary science to each student during the 
school year. Use one of the following to indicate 
the average time spent.
(1) ____ minutes/day (2) ____ hours/week
13. Please estimate the number of "hands-on" science
activities that you provide each student. Use one 
of the following to indicate the number of activities 
provided.
(1) ____ activities/day (2)____ activities/week
APPENDIX B
TABLES
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TEACHERS' EXPERIENCE WITH SELECTED CURRICULUM MATERIALS, BY
GRADE RANGE 
IN ELEMENTARY SCIENCE
Table 8
Have Never Using in
Experiences With Seen 1976-77
K-3 4-6 K-3 4-6
B S C S .....................  81 70 0 0
C O P E S ................. 80 79 0 0
ESS .....................  60 51 5 9
MINNEMAST.................  78 78 0 0
S A P A .....................  63 59 4 9
S C I S ..................... 61 52 11 12
U S M E S .....................  87 82 0 0
(Weiss, p. B-38, from Table B.20)
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PERCENT OF ELEMENTARY SCIENCE CLASSES CONDUCTED
Table 9
IN VARIOUS TYPES OF ROOMS, BY GRADE RANGE
Grade Range
Type of Room K-3 4-6 Total
Laboratory or special 
science room............. 0 9 4
Classroom with portable 
science materials . . . . 54 54 54
Classroom with no 
science facilities. . . . 38 34 36
Missing ................. 8 3 6
Sample N = 287 271 558
(Weiss, Table 59, p. 129)
Table 10
ELEMENTARY TEACHERS' PERCEPTIONS 
THEIR QUALIFICATIONS TO TEACH EACH
OF
SUBJECT
Subject Not Well
Qualified
Adequately
Qualified
Very Well 
Qualified
Mathematics........  4 46 49
Science.............15 60 22
Social Studies . . .  6 54 39
Reading............. 3 32 63
(Weiss, p. 142)
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TABLE 11
RANK OF IMPEDIMENTS ON TEACHER GENERATED SURVEY 
BY TOTAL NUMBER OF TEACHERS MARKING A PROBLEM 
AS SERIOUS (X) OR MOST SERIOUS (0)
Total
Marking
Rank
Impediment and 
(Question on Survey)
Serious
(X)
Most
Serious
(0)
a
Problem
(X+0)
1 Inadequate time to assemble, 
set up, clean up lab 
exercises (3) ............... 35 35 70
2 Prep time inadequate (1). . . 23 38 61
3 Equipment is incomplete or 
inadequate (28) ............. 19 39 58
4 Not enough time to teach all 
units in a year (safety, eco­
logy, etc.) (2) ............. 29 28 57
5 No time to develop units (13) '3 2 22 54
6 Space not available to leave 
materials set up until an­
other day ( 20)............... 36 17 53
6 Inadequate time to develop 
units ( 31)................... 36 17 53
8 Equipment not in a nearby, 
convenient, or central loca­
tion ( 2 1 ) ................... 24 25 49
9 Inadequate money to purchase 
supplies (29) ............... 23 25 48
10 Teachers lack adequate sub­
ject background (7) ........ 21 26 47
11 Classroom layout not condu­
cive (no sinks,etc.) (16) . . 22 20 42
12 Inadequate time to survey 
and order equipment (6) . . . 34 5 39
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(Table 11 continued)
12 Lack activities children can 
do independently (17) . . . . 26 13 39
12 Lack storage space (24) . . . 31 8 39
15 Materials (books, filmstrips, 
etc.) outdated (23) ........ 27 11 38
15 Teachers feel uncomfortable 
with the subject (35) . . . . 25 13 38
15 Not enough material for small 
group activities (36) . . . . 23 15 38
18 Equipment too expensive (22). 32 5 37
19 Inadequate time to teach after 
covering basic skills (4) . . 20 16 36
20 Time allotted not sufficient 
after scheduling around P.E., 
music, art, etc. (5)........ 15 17 32
21 Class size too large (40) . . 24 7 31
22 Inadequate or no curriculum 
guide (26)................... 16 13 29
23 Lack creative way to teach 
concepts ( 9)................. 23 5 28
24 Supplies must be purchased a 
year in advance and nothing 
can be purchased "as you 
go" (43)..................... 11 14 25
25 Materials too difficult to 
locate or obtain (32) . . . . 18 4 22
26 "Book learning" teaches more 
content and takes precedence 
over "hands on" learning (42) 14 5 19
27 Teachers don't like
science (10)................. 13 2 15
27 Activities appropriate for 
grade level not available (41) 10 5 15
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(Table 11 continued)
29 Too difficult to get students 
to bring materials from 
home (27) ................... 13 1
30 Animals too messy or too much 
bother (38) ................. 11 2
31 Custodians don't like
mess (15) ................... 8 4
31 Lack books (25) ........... 10 2
31 Many experiments don't 
work (30) ................... 7 5
34 Activities are noisy (18) . . 6 5
35 Science not as important as 
other subjects (14) ........ 7 3
35 Activities are messy (19) . . 9 1
35 Seasons/conditions wrong in 
Minnesota (Can't grow plants 
in winter, etc.) (37) . . . . 7 3
38 Science not important (11). . 2 0
38 Principal doesn't like mess 
or noise (12) ............... 2 0
38 Unprofessional attitude by 
teacher ( 33)................. 1 1
41 Experiments too dangerous (8) 1 0
42 Liability for accidents too 
high (34) ................... 0 0
42 Kids don't like science (39). 0 0
14
13
12
12
12
11
10
10
10
2
2
2
1
0
0
N= 10 4
Note. Tied impediments received the same rank.
APPENDIX C
MATERIAL DELETED FROM NSF/WEISS SCIENCE QUESTIONNAIRE
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The following questions were deleted from the original NSF 
survey to better reflect the goals of this study:
SECTION A: GENERAL INFORMATION
la. Have you attended any NSF-sponsored insti­
tutes, conferences, or workshops?
lb. Please indicate which of the following NSF- 
sponsored activities you have attended.
4. In what year did you last take a course for 
college credit?
6. As a source of information about new develop­
ments in education how useful do you find each of the 
following? [Listed]
SECTION B: YOUR EXPERIENCE WITH SELECTED SCIENCE 
CURRICULUM MATERIALS [Entire section deleted]
9a. For each of the materials listed below, 
please circle one of the following categories: (1) 
"Have Never Seen," (2) "Have Seen But Not Used," or (3) 
"Have Used in Teaching." (Since some of these materials 
are being used on a very limited basis, you may not 
have seen many of them.)
9b. Are you using any of these materials during 
the present (1976-77) school year? If so, please write 
in the code number(s) from the above list.
10a. With which one of the curriculum materials 
listed in question 9a are you most familiar?
10b. Please indicate all major sources from which 
you received information about the project you 
specified in question 10a.
13. How many students are there in this class?
19. Are there one or two journals or periodicals 
which you find particularly helpful to you in your 
teaching of science to this class?
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20. Which of the following best describes the way- 
concepts related to the metric system are used in your 
class?
21. How often do you use each of the following 
techniques in teaching science to this class? If a 
technique does not apply to your class, please circle 
1, "Never."
23. For the following equipment and materials 
please indicate the approximate number of days each is 
used in this science class. For those that you do not 
use, circle either 1, "Not Needed" or 2, "Needed But 
Not Available."
SECTION E: TEXTBOOKS/PROGRAMS USED IN THIS CLASS 
[Entire section deleted]
24a. Are you using one or more published textbooks 
or programs for teaching science to this class?
24b. Briefly describe what you are using instead 
of a published textbook or program.
25a. Using the code numbers on the green list, 
please specify each textbook/program that you are using 
in teaching science to this class. Then write in the 
copyright date of each.
25b. If you are using any published science text- 
books/programs in this class which are not on the green 
list, please provide the following information for 
each:
26. Please write the code number of the one 
textbook/program that you listed either in Question 25a 
or 25b which is used most often by the students in this 
class.
27. For the one textbook/program that you speci­
fied in Question 26, does the publisher offer instruc­
tional materials to supplement or replace the textbook?
28. Please indicate the frequency with which you 
use each of the publisher-offered materials of the one 
program you specified in Question 26. If your pub­
lished program does not include a particular type of 
materials, or if you do not have it available for use 
in this class, circle 1, "Not Available."
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29. If you could use any textbook or program for 
teaching science to this class, indicate the one that 
you would use.
SECTION F: YOUR MOST RECENT SCIENCE LESSON IN 
THIS CLASS [Entire section deleted]
30a. How many minutes did a typical student spend 
on science (including teacher-led instruction as well 
as small-group and individual work) during your most 
recent science lesson in this class?
30b. Did that lesson take place on the most recent 
day your school was in session?
31. Approximately how many of the minutes in that 
lesson were spent in each of the following general in­
struction arrangements?
32. Indicate if each of the following activities 
took place during that science lesson.
33. When did you complete this questionnaire?
In addition to the above deletions, Question 22 was 
modified slightly to a three category rather than a five
category response.
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